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Synopsis 
, 
Experiments were carried out using glycerol-water and distilled water 
test solutions in a steam heated, stainless steel, natural circulation, 
vertical tube evaporator (1.0. 0.488 in., 0.0. 0.731 in., heated 
length 4ft.). The test liquid entered at its boiling point and the 
effects of concentration, overall temperature difference, and 
submergence on heat transfer were investigated. Maxima in heat transfer 
coefficients, due to the formation of minimum sized bubbles, were found 
to fade with increasing temperature difference and decreasing submergence 
because of the increasing influence of the forced convection 
mechanism over the nucleate boiling component. Experi~ental results 
from distilled water, and isopropyl alcohol-water, and normal propyl 
alcohol-water mixtures (from two previous workers) as well as those 
from water-glycerol were correlated by a modification of the Lockhart and 
Martinelli Parameter which included temperature and surface tension 
factors, and a term accounting for the distinctive features of 
boiling binary mixtures. That is, 
Further experiments were carried out with a second stainless steel tube 
evaporator (1.0. 0.5004 in., 0.0. 0.6245 in., heated length 4 ft.) 
divided into six sections each heated by an independent steam jacket. 
Condensate was collected over a timed period and test liquid temperatures 
monitored by thermocouples inserted through the flanges. Heat transfer 
increased up the length of the tube unless the top became dry when a 
decrease was apparent. Application of the correlation showed that 
the nucleate boiling mechanism predominated at the bottom but tltis 
progressively changed to the forced convection regime at the top. 
v 
A pressure transducer at the inlet showed that flow oscillations were 
Influenced by the flow pattern and caused by the periodic discharge of 
vapour slugs and the following surge of liquid held up in the reservoir. 
vi 
TABLE OF CONTENTS 
PAGE 
ACKNOWLEDGEMENTS i i i 
SYNOPSIS iv 
TABLE OF CONTENTS vi 
NOMENCLATURE vii i 
I. ·INTRODUCTION 
2. LITERATURE SURVEY 
2.1 Introduction 3 
2.2 Flow Patterns in Flow Boi ling 3 
2.3 Heat Transfer to Single Component Flow Boiling Liquids 6 
2.4 The Effect of Surface Tension 21 
2.5 Heat Transfer to Boil ing Binary Mixtures in Pool Boiling 25 
2.6 Heat Transfer to Boil ing Mixtures in Flow Boiling 31 
2.7 Oscillations in Flow Boiling 33 
3. APPARATUS 
Descripti?n 
Diagrams 
4. EXPERIMENTAL PROCEDURE 
5. EXPERIMENTAL RESULTS 
Discussion 
Graphs 
Tab I es 
6. INTERPRETATION AND DISCUSSION OF RESULTS 
6. I Correlation of Pure Water 
6.2 The Effect of Surface Tension 
6.3 Non-Azeotropic Binary Mixtures 
6.4 Six Compartment Evaporator 
/ 
35 
40 
45 
50 
57 
95 
162 
166 
169 
175 
6.5 Flow Fluctuations 
6.6 An Empirical Correlation 
Graphs 
7. CONCLUSIONS AND RECOMMENDATIONS 
7.1 Conclusions 
7.2 Recommendations 
8. BIBLIOGRAPHY 
9. APPENDICES 
9.1 Dimensions of Evaporators 
9.2 Calibration of Pressure Transducer 
vii 
177 
179 
180 
. 208 
210 
212 
224 
225 
9.3 Temperature/EMF Constants for Ni Cr/Ni Al Thermocouples 226 
9.4 Physical Properties of Water-Glycerol Mixtures at the 
Bo 11 i ng Po i n t 227 
'9.5 Tables of Physical Properties at the Boiling Point 
for Water, and Isopropyl Alcohol, Normal Propyl 
Alcohol, Glycerol, and thei r Aqueous Binary Mixtures 255 
9.6 Glycerol-Water Sample Calculation 263 
9.7 Determination of the Coefficient of Heat Transfer for 
Condensing Steam 282 
viii 
Nomenclature 
A Area ft~ 
Bo Bo i ling number 
C Concent rat i on wt. % 
Cl Bubble growth constant 
Cp Specific heat Btu./lb. of. 
D Diameter ft. 
DAB & 
D Mass diffusivity 2 ft./hr. 
Fr Froude number 
G Mass velocity lb./hr. ft~ 
H Enthalpy Btu./lb. 
h Heat transfer coeff i ci ent Btu./hr. ft~ OF, 
k Therma I conductivity Btu./hr. ft~ OF, 
ft. 
L Length ft. 
1 Thickness ft. 
m Steam condensate flow rate lb./hr. 
Nu Nusse I t number 
P Pressure mm. Hg. 
Pr Prandtl number 
Q Heat transferred Btu./hr. 
q Heat flux Btu./hr. ft~ 
R Radius ft. 
Re Reynolds number 
St Stanton number 
SV Specific volume 3 ft./lb. 
T Temperature °c. 
fiT Temperature difference OF. 
ix 
t Time hours 
u Overall heat transfer coefficient 
~ 
Bt /h ft. Z of. u. r. 
v Veloci ty ft./hr. 
Vol Volumetric flow rate c.c./min. 
w Mass flow rate lb./hr. 
x Qua I i ty wt. fraction of vapour 
x Concentration mass fraction 
Xtt Lockhart and Martinell i para,!,eter 
y Vapour composition mass fraction 
Greek letters 
ex Thermal diffusivity 2 ft./hr. 
~ Vi scos i ty lb./ft. hr. 
p Dens i ty 3 lb./ft. 
CJ Surface tension dynes/cm. 
Superscripts 
Refers to evaporator steam compartment 
* Equilibrium value 
Subs er i pts 
atm Atmospheric 
av . Average 
b Bo i ling 
f Inside film 
x 
9 Gas 
In 
in Inside 
& 
L Lt qu i d 
lm Log mean 
m Mixture 
n Pos i t ion on compartment evaporator 
0 Out 
out Outs i de 
ov Overa 11 
p Pure component 
ref Reference 
sat Saturation 
ss Stainless steel 
TP Two-Phase 
tt Turbulent-turbulent 
v Vapour 
w Wa 11 
; xs Cross-section 
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1. Introduction 
Ove"r a particular concentration range of binary or multicon1ponent 
mixtures an increased peak heat flux transpires. This property can 
be utilised in processes where substantial amounts of heat have to 
be removed. For example, a binary mixture could act as the cooling 
medium in a nuclear reactor conG:eivably reducing its size though still 
operating under a large heat load. 
Though a substantial amount of work has been done by van Stralen (S2-
S15), Grigorev (G4-G9), and Tolubinskii (T3-T6) on heat transfer to 
boi 1 ing binary mixtures, all the work has been done in pool boi 1 ing 
where heating occurs on a submerged surface in a volume of originally 
mot i on 1 e.ss 1 i qu id. However, heat exchange equ i pment more common I y 
involves flow boiling where heating occurs on an extended surface such 
as a tube wall which also directs the flow of liquid. 
1 
Comprehensive research" has been published on heat transfer to single 
components in flow boiling, however, virtually nothing has been done 
using binary or multicomponent liquids probably because the hydrodynamic 
and thermodynamic aspects involved complicate matters considerably. 
Tests were executed in the department using isopropyl alcohol-water (Gl) 
and normal propyl alcohol-water (02) systems. These mixtures have 
boiling temperatures less than that for water and each forms an azeotrope. 
The surface tension systems are positive, that is, the lower boiling 
component has the lower surface tension. The glycerol-water system used 
in the present series of experiments contrasts noticeably. The boiling 
point increases with decreasing water concentration, water is the more 
volatile component and has the higher surface tension so the surface 
tension system is negative, and the viscosity and density incre~se 
markedly with decreasing water concentration. 
2 
Previously only length-mean values of inside film heat transfer 
coefficients and temperature differences were calculated. These were 
reasonably representative of the actual situation because the liquid at 
the inlet to the evaporator was always maintained at its boiling point 
so the complete length of the evaporator tube was used for vaporisation 
and not for preheating also. In the present work it was intended to 
determine point values of heat transfer coefficients and temperature 
differences by means of thermocouples attached to the inside and outside 
surfaces of the evaporator tube at six inch intervals along its length. 
However, it was found that the thermocouples read ambient rather than wall 
temperatures so they were unable to be utilised. Experiments were thus 
carried out using glycerol-water as the test mixture and ultimately 
calculating length-mean heat transfer coefficients. While this 
work was conducted, the IPA-water and NPA-water data were processed and 
a new evaporator was designed and assembled. This evaporator was 
composed of six stainless steel sections each with its own independent 
steam jacket heating an eight inch length of tube. Steam condensate 
from the tube wall could be collected over a timed period and boiling 
liquid temperatures read by thermocouples inserted through the flanges. 
This allowed heat transfer coefficients and temperature differences to 
be calculated over smaller lengths which, though not as precise as point 
values, are more accurate than overall length-mean values and give a 
distribution over the complete length of tube. At the same time pressure 
traces were taken of the inlet I iquid flow variations by means of 
an ultra violet recorder. 

2. Literature Survey 
2.1 Introduction 
Hewitt and Leslie (HI) give a general review of two-phase flow and heat 
transfer in which they show that in 1972 there will be over 10,000 references 
in the boiling and two-phase flow fields. Despite this voluminous amount 
of literature very little has been found directly relating to two-phase 
flow and heat transfer to boiling binary mixtures in evaporators and 
tubes. The only option is to consider relevant work under the separate 
but related aspects reported. 
2.2 Flow Patterns in Flow Boiling 
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Variation of wall temperature, flow regime, and heat 
transfer coefficient along a boiling channel. (HI & L2) 
Vapour and liquid. when flowing concurrently in a tube can distribute 
themselves in various ways. Oengler (04). in his experiments with 
water in a forced circulation evaporator. found that the vapour could be 
in the form of small bubbles evenly interspersed throughout the liquid. 
form very large bubbles which almost occupied the whole tube. or form 
a central core. with or without liquid droplets dispersed in it. 
supporting a liquid annulus on the tube wall. The interface between 
the two phases could be wavy or smooth. Such· distributions were 
examples of flow patterns which developed during boil iog in a tube and. 
depended on the vaporisation. 
At low weight percent vaporisation. nucleation occurs and bubbles are 
initially small and uniformly distributed through the l'iquid. This 
characterises bubble flow. Bubbles become larger. reduce in number. 
and gravitate toward the tube centre .. As they grow they begin to 
coalesce. This regime only occurs at low rates of vaporisation. 
4 
Coalescing bubbles grow to fill the cross section of the tube as more 
liquid is vaporised. Liquid is displaced and slug flow results in which 
alternate volumes of liquid and vapour move up the tube. causing 
considerable turbulence. However. this mechanism is not very stable 
and exists only over a I imited range of vaporisation. 
The vapour slug grows and pressure builds up such that liquid is held 
against the tube wall. However. the pressure falls and, liquid drops back. 
This is a cyclic process where agitation is quite marked and 
characterises slug-annular flow. This is the principal flow regime in 
short tube. natural circulation evaporators. 
Further vaporisation gives what is termed turbulent-annular flow. Here 
liquid, supported by a central core of vapour, moves up the tube wall. 
Agitation .is restricted to the zone adjacent to the two-phase interface. 
5 
The liquid film becomes thinner and flow up the tube wall becomes smoother 
as vapour formation continues. In smooth annular flow 1 iquid passes 
into the central vapour core as a spray. Past this stage dryout occurs 
and any heat added goes to increasing the temperature of the vapour 
phase. 
Hewitt (HI) and Lacey (L2) commented on the fact that variations In 
flow patterns do not necessarily correspond with changes in heat 
transfer even though heat transfer is dependent on two phase flow 
characteristics. The degree of vaporisation effectively controls the 
change in heat transfer coefficient. 
At the onset of nucleation, the coefficient rises, until vapour is 
permanently present, and achieves a value associated with that in pool 
boi ling. 
During nucleate boil ing, heat transfer is almost constant and governed 
by latent heat transport and disturbances in the boundary layer brought 
about by the bubbles. The heat transfer coefficient only depends on 
heat flux and is independent of the fluid flow rate and consequently 
the quality. 
Upon the suppression of nucleation the transfer coefficient rises becau~e 
the film thickness decreases, the interfacial shear stress increases, 
and the turbulence within the film increases. Evaporation continues from 
the moderately superheated free liquid surface which flows up the·walls. 
When the liquid film velocity is zero (dryout or burnout) because 
of evaporation and entrainment, the heat transfer coefficient grves 
a small peak and is at its maximum value, as the film becomes thinner 
than the laminar sublayer, and then drops to a very low value which 
corresponds to that for pure vapour even though the vapour is 
saturated with a mist of liquid droplets. The wall temperature rises 
as the droplets are unable to wet the tube and consequently the 
6 
vapour becomes superheated. At this stage a gradual increase in the 
transfer coefficient occurs because the droplets are capable of 
transferring heat from the superheated wall even though it is Impossible 
for them to form a film. This process, however, is very slow. 
Hewitt (H3, H4) developed the application of photographic techniques 
to the study of two-phase flow and obtained some interesting pictorial 
results showing gas-liquid annular flow to have a wave pattern 
In the liquid film and accompanying droplet emission and re-entrainment. 
2.3 Heat Transfer to Single Component Flow Boiling Liquids 
Many workers in the subject of heat transfer have based their 
empirical correlations on the Martinelli type parameter. They evolved 
relationships predicting the ratio of the experimental two-phase 
heat transfer coefficient hTP to the liquid phase heat transfer 
coefficient hL in terms of the I iquid properties .. 
Martinelli and co-workers (MI-M3), by considering the parameters 
affecting the pressure drop associated with air-liquid mixtures flowing 
• 7 
under isothermal conditions in horizontal pipes, derived what is 
now termed the lockhart and Martinelli parameter X. For liquid 
and gas in turbulent flow tt, 
U.P/lll~ 
(llp /1l0 g 
(2. I ) 
where (IlP/lll)I is the statii pressur. drop per unit length due to 
the liquid flow and (IlP/lll) is the corresponding pressure drop· 
. g 
due to gas flow as if each phase was flowing separately and occupied 
the total cross section. Ultimately, 
= (~) 0.9(pg)0.5(::.!.)0.1 
Wg . PI I1g 
(2.2) 
where W Is the mass flow rate, P the density and 11, the viscosity 
of the liquid I and gas g. Despite modifications (D3, M4, C3) this 
remains the most general form of the relationship. 
Johnson and Abou-Sabe (JI) related the lockhart and Martinelli 
parameter to heat transfer in air-water flow in a steam heated 
horizontal brass tube (0.870 in. I.D., 15.5 ft. heated length) without 
any change of phase. They considered that the experimental two-phase 
heat transfer coefficient hTP was made up partly of a liquid only heat 
transfer coefficient hl and partly of a gas only·coefficient hG. 
However, the gas contribution was negligible and the experimental 
data were successfully plotted as (hTP/hL) [I + 0.006 (DGg/l1g)~ 
versus X where 0 is the inside pipe diameter and Gg the mass flow of 
air per unit area. 
This scheme was simplified when Fried (F3), working with air-water 
mixtures in turbulent flow passing through a 0.737 in. 1.0. steam 
heated horizontal pipe, 15.7 ft. long, found that a good correlation 
could be obtained by plotting hTP/hL versus (6P/6L)TP/(6P/6L)L' He 
also found that hTP/hL could be plotted against X~but the data fell 
into separate bands for the two pipe sizes tested. The separation 
8 
was thought to be ca'used by a difference in surface roughness or a size 
effect. 
Extension of this theme to flow boiling heat transfer was 'carried out 
by Dengler (04, 05). He studied local film heat transfer coefficients 
to water during forced circulation vaporisation in a five steam 
Jacket, 1 in. 1.0., 20 ft. vertical copper tube. Results sho~led 
that the nucleate boiling mechanism was dominant when the rate of 
vaporisation was low but this was progressively inhibited by the 
effects of forced convection which increased with increasing vaporisation. 
Under conditions of predominantly forced convection boiling the 
experimental results were correlated by 
where 
= 3.5 (f-) 
tt 
k hL = 0.023 0 
0.5 
To correct for nucleate boiling the empirical mUltiplier 
[ ( OP D) ]0.1 0.067 (6T -6T.) 6T t • (j T 
I sa w 
(2.3) 
(2.4) 
(2.5) 
was Introduced where ~T is the wall surface fluid temperature 
difference, ~T. is the temperature difference for the initiation of 
I . 
nucleate boiling, oP/oT
sat is the slope of the vapour pressure versus 
9 
temperature curve at saturation condition, 0 the inside tube diameter, 
cr the surface tension and Tw the inside wall temperature. However, 
this factor was only used where it was greater than one. 
It was also found that the influence of temperature difference was 
rather involved. An effect which manifested itself, however, was that 
at the highest vaporisations heat transfer coefficients appeared to 
be an inverse function of the temperature difference considering the 
total flow rate and exit quality constant. 
Cyclohexane, methanol, benzene, pentane, and heptane were used as test 
liquids, under natural circulation conditions, in oil heated brass 
tubes (0.75 in. 1.0., 6 ft. long and 1 in. 1.0., 6.5 ft. long) by 
Guerrieri and Talty (G3). Point film heat ·transfer coefficients increased 
from the tube inlet to outlet while the film temperature difference 
decreased. However with pool boiling a decrease in temperature 
difference is accompanied by a decrease in heat transfer. They concluded 
that forced convection was the main mechanism in heat transfer to a 
boiling liquid flowing in a tube. The pentane and heptane were 
correlated by 
where 
0.45 
hhTP = 3.4( X
t
l
t
) 
L 
(2.6) 
(2.7) 
however, the lines for methanol, cyclohexane, and benzene were 
displaced. This was attributed to nucleate boiling inside the.tubes 
and is partly substantiated in that the quality range involved 
during the course of experiments was only 2.8 to 11.6%. Under such 
conditions the convective mechanism would not have been particularly 
pronounced. 
The empirical Nucleate Boiling Correction Factor NBCF was used as a 
multiplier to correct for the nucleate contribution 
-5/9 
NBCF = 0.187 ( r; ) (2.8) 
. * 
where r Is the radius of the minimum size thermodynamically stable 
10 
bubble and 5 the laminar film thickness. The factor cannot be less than 
* one, that is r 15 must be greater than 0.049, which is explained as the 
laminar boundary layer flowing quickly enough to prevent bubble nuc'1eation 
on the wall under the process conditions. 
5chrock and Grossman (518, 519, 520) used water flowing under forced 
circulation through electrically heated vertical stainless steel tubes 
of I.D. from 0.1162 ~o 0.4317 in. and lengths from 15 to 40 in. Data 
In the forced convective region was correlated by 
PTP ( I ) O. 75 
\"' = 2.5 -X- (2.9) tt 
where 
hL 
k (~) 0.8 (CPklJ) 1/3 (2. 10) = 0.023 0 
as the local heat transfer coefficient was found to be a function of 
Xtt alone. However, to account for the effect of nucleate boiling 
In conditions of low vaporisation an additive factor called the 
Boiling Number Bo was introduced. The heat transfer coefficient 
consequently became independent of Xtt and solely dependent on Bo. 
The experimental results yielded a final correlation of the form 
L.5Cx:) 
2/3 
104 ] hTP 0.739 + Bo x '-h- = 
L 
(2.11) 
where 
Bo = 
Q/A 
GHlv 
(2.12) 
and Q/A is the heat flux, G the mass flow rate per unit area and 
H1y the latent heat of vaporisation. 
From experiments with steam-water mixtures flowing under forced 
convection in vertical glass tubes (0.552 in. and 0.866 in. 1.0.) 
and heated by coaxial stainless steel rods (0.375 in. and 0.623 in. 
0.0.) Bennett et al'. (BI) saw that with increasing heat flux the 
heat transfer coefficient increased slightly according to 
h
TP 
« (O/A) 0.11 (2. 13) 
even though boiling was in the convective region. A plot of 
hTP (.Q.) -0. II 
hL A 
versus successfully correlated various water 
data except at low steam qualities when a change in heat transfer 
mechanism from convective to nucleate ensued. The dimensional 
express ion 
11 
where 
( 1 ) 0.7 = 0.64 V-
tt 
0.8 
k (DG (1 - x)) hL = 0.023 D )J 
(2. 14) 
(2.15) 
--successfully related the data used. The nucleate boiling data 
was separat-el y accounted for by us i ng Rohsenow's correlation. 
Wright (W2) studied the heat transfer to forced convection 
downflow boiling of water in electrically heated stainless steel 
tubes 0.719 and 0.472 in. I.D. and 5.67 and 4.69 ft. long 
respectively. The results were correlated by relationships of the 
form used by Schrock and Grossman, 
hTP ( 1 ) O. 581 (2.16 ) i\"" = 2.721 X tt 
and 
hTP [ (1) 2/3 Bo x 104] (2.17) 1\" = 1.39 1.5 V- + tt 
where 
hL 
k ( DG (~ - x)Y·8 (CPkll) 1/3 (2.18) = 0.023 D 
12 
The boiling mechanism involved was thought to be predominantly forced 
convection. At the heat transfer surface the liquid was believed to 
be continuous and little nucleate boiling to occur while most of the 
tube was filled by a vapour-liquid mixture in turbulent flow w_ith 
evaporation taking place at existing liquid-vapour interfaces. Liquid 
1~ 
at the wall of the tube would be super-saturated and heat transferred 
at the wall by a forced convection mechanism. 
Consequently, equation 2.16 correlated data where nucleate boiling 
was suppressed and 2.17 those where both the convective and 
nucleate boiling mechanisms were present. 
Another investigation into forced circulation downflow was carried 
out by Somerville (S22). However, he used n-butanol as a test 
liquid. Electrically heated stainless steel tubes were again used 
having an inside diameter of 0.4670 in. and heated lengths of 4.10 ft. 
and 5.69 ft. 
Somerville first correlated his data according to 
( 1 )°.328 = 7.55 -x-
tt 
(2.19) 
Taking the effect of nucleation into consideration he obtained the 
equation 
hTP 
2/3 
2.45 [BO x 104 1. 5C:J ] . (2.20 ) = + hL 
where 
)0.808( )li3 
hL = 0.023 ~ (DG (1 - x) .£JLl!. (2.21) \I k 
Schrock and Grossman based the calculation of the all liquid heat 
transfer coefficient on the total mixture of liquid and vapour flowing 
through the tube. However, Wright, and Somerville evaluated theirs 
14 
based on the flow of 1 iquid only through the tube. Pujol (p3) 
reported that the differences caused by these two techniques were 
small and less than the scatter in the equations themselves for low 
values of quality. 
In a series of experiments using steam-water mixtures Collier et al. (C2) 
determined that the equation which gave the best fit for their data 
in the forced convective region was 
( 
1 )0.699 
= 2.167 X 
tt 
(2.22) 
However, the values of the constants varied for each series of 
experiments. The multiplier ranged from 2.065 to 3.772 and the 
power from 0.491 to 0.749 and were evaluated by computer for each 
series. hL was calculated from 
hL = 0.023 k 
o ( )0.8() 0.4 DG (~ - x) . CPkll (2.23) 
A representative selection of data was tested on the equation of the 
form 
(2.24) 
used by Schrock and Grossman (2.11). The values of the heat transfer 
predicted were up to 100% too low in the convective region and up to 
25% trohigh in the nucleate boiling region. The equation used 
previously by the same authors (2.9) for the convective region alone 
was more representative of Collier's results. With Wright's 
equation (2.17) however, the tested data fell within ~ 35% of the 
predicted values. 
Collier's data yielded a distinct change from nucleate to convective 
boil ing which led to the conclusion that an equation in which the 
two mechanisms were made additive could not be expected to depict 
data in the vicinity of the transition point with any great 
precision. The processes of heat transfer in the two regions were 
entirely different and It was considered improbable that any single 
equation of the form of equation (2.24) could be made to represent 
data accurately for both mechanisms. 
Other equations considered, though superficially different, were 
found to be easily rearranged to an equation of the form (2.29). 
Measurements leading to Collier's results were made with steam-water 
mixtures flowing through glass tubes (1.0. 0.551" and 0.866", 
29" and 48" long) and electrically heated by coaxial stainless steel 
tubes (0.0. 0.375" and 0.625"). 
To investigate the effect of flow direction on the boiling heat 
transfer coefficient, Pujo1 and Stenning (p3) pumped Refrigerant 113 
through an electrically heated vertical stainless steel pipe (1.0. 
0.622 in. heated length 19 ft.). Heat transfer coefficients were 
found to be essentially the same for forced convection in both 
upward and downward flow. The equation of best fit was found to be 
( I ) 0.37 = 4.0 X 
tt 
(2.25) 
15 
16 
where 0.8 
.' 0.023 ~ (~) ( )0.4 ,Swl. k (2.26)~" 
However, In the nucleate boiling regbn, the coefficients were 
higher for upflow than downflow. The following equations correlated 
the values 
for upflow 
Bo x 104 ] (2.27) 
and for downflow 
[ ( 1 )°. 37 + 0.53 7.55 X 
tt 
Bo x 104 ] (2.28) 
Though the above two equations (2.27 and 2.28) approach the 
exclusively forced convection equation (2.25) as Bo "approiches 
zero they did not give as good results in the forced convection region 
as the specific equation omitting Bo. This was because the convective 
zone was not restricted to low values of Bo and predicted results were 
consequently too high. However, the inclusion of Bo did yield 
more accurate results in the predominantly nucleate boiling region. 
This is consistent with Schrock and Grossman and Wright whose results 
indicated that the boiling number became effective when the nucleate 
boiling mechanism was predominant, that is, with high values of 
heat flux and low mass flow rates which give high values of Bo. 
Table 2.3.1 gives a summary of the experimental details involved 
Reference Test Tube Details Heating Flow Heat Fl ux Mass Fl ux Operating Exit A b 
Li qu i d I ~ D., Length, Medium System Btu./hr· 2 lb./hr· 2 Pressure Qual ity Orientation, ft. ft. psig % 
Construction 
Material 
Dengler Water 1",20' ,V,Cu Steam Forced 30,000 to 4.4 x 104 7.5-40 0-100 3.5 0.5 
(04, 05) Up 156,000 to 
x 104 101 
Guerrieri Various 0.75",6' ,V, brass Oil Natural 2,170 to 28.8 x 104 14.7 2.8-11. 6 3.4 0.45 
and Talty Organics 1",6.5' ,V;Brass Up 17,400 to 
104 (G3 ) 35.6 x 
Schrock Water 0.1162-0.4317", Electric Forced 60,000 to 17.6 x 10 4 42-505 5-57 2.5 0.75 
and 15-40",V,SS Up 1 ,450,000 to 
104 Grossman 328 x 
(518-20) 
Bennett Water- 0.552" and Electric Forced 31,710 to 5.15xl04 14.7 0-100 2.9 0.66 
et al. Steam 0.866",29", Coaxial Up 158,550 to 4 (B 1 ) V,Glass SS rod 217 x 10 
0.375" & 
0.623" OD 
Wr i ght Water 0.472" and Er"ectric Forced 13,800 to 39.6 x 10 4 
(W2) o. 719" ,4.69 ' Down 88,000 to 4 
and 5.67' ,V,SS 252 x 10 15.8-68.2 0-19 2.721 0.581 
Table 2.3.1 Summary of Experimental Details of Previous Investigators who used the Correlating Equation :TP = A(X1 )b 
L tt ...... 
-..:I 
Reference Test Tub~ Deta i Is Heating Flow Heat Flux Mass Flux Operating Exit A b 
Liquid 1.0., Lengtl\ Medium System Btu./hr· 2 Ib./hr· 2 Pressure Qua I i ty Or'! entat ion, ft. ft. psig % 
Construction 
Material 
Somervlll e n-butanol o . 4670" , 4 • I 0 ' Electric Forced 28,000 to 49 x 104 16.9-50 0-31 7,55 0.328 
(S22) and 5.69',V,SS Down 66,000 to 4 
158.4 x 10 
Collier Water- 0.551" and Electric Forced 31 ,700 to 9.87 x 104 15.5-80.3 0-66 2.167 0.699 
et a I. Steam 0.866",29" and Coaxial Up 252,000 to 
104 (average values) (C2) 48",V,Glass SS rod 79.4 x 
0.376" & 
0.625" OD 
PuJo I Freon 0.622",19' ,V, Electric Forced I ,830 to 14.8 x 10 4 17-64.2 0-70 4.0 0.37 
and 113 SS Up and 17,760 to 4 
Stenning Down 140 x 10 
(p3) 
Table 2.3.1 Summary of Experimental Details of Previous Investigators who used the Correlating Equation ~TP = A(~)b 
L tt 
Symbols: 
1.0. - Inside Diameter; V - Vertical; SS - Stainless Steel 
..... 
CD 
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In the work of the aforementioned authors where a form of the relationship 
= A (_I )b 
, Xtt 
(2.29 ) 
I s ut i I i sed . 
. Other relationships have been derived which are of a different form 
and successfully correlate heat transfer d?ta. 
Chen (C4) found that the two-phase heat transfer coefficient could 
be considered to be made up of additive micro and macro-convective 
contributions. The macro-convective mechanism was accounted for 
by the Dittus-Boelter equation in the form 
(2.30) 
where F is the ratio of the two phase Reynolds number to the liquid 
Reynolds number accounting for nucleate boiling suppression and is a 
function of Xtt • The micro-convective contribution 
h
mic = 0.00122 
(2.3 il 
where S is also a suppression factor defined as the ratio of the 
effective superheat to the total wall superheat, ~T is the superheat 
T - T and ~p is the vapour pressure difference correspondi,ng to 
w s' 
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This is a break from the approach made by previous workers in that 
Chen considered the nucleate and convective boil ing mechanisms 
mutually controlled one another. Consequently, the terms F and S were 
Introduced as multipliers to rationalise the suppression of nucleate 
boiling. The disadvantage with this technique is that the 
relationships for F and S were determined empirically from data which 
had a considerable scatter. 
Wright (W3) carried out experiments with forced downflow water and 
n-butanol in electrically heated vertical stainless steel tubes 
(0.4670 - 0.7194 in. 1.0.,4.10 - 5.67 ft. heated length). He found 
that the most successful expression which correlated his data and that 
of other workers considered was 
St = 0.9005 R -0.286x -0.292B 0.191p -0.233 eL . tt 0 r L (2.32) 
which was arrived at after a computer study of the final grouping of 
the variables used by previous investigators. 
By introducing a two-phase flow parameter E, the ratio of the mean 
liquid velocity to the mean vapour-velocity, Chawla (CS) successfully 
correlated heat transfer data according to 
x x(PL)O. 3 (~)O. 8 
1 - Pv ilv 
(2.33) 
and 
(2. ,4) 
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where 
-! 
= h~ [1 + (1 - X~E~~) ] (2.35) 
Pv 
E is introduced to take into account all the elements characterising 
a two-phase flow system from a single phase one. The drawback is that 
E is obtained by reference to a graph after calculating the factor 
- x 
x 
and noting the relative surface roughness of the tube being used. 
It is apparent that authors who have used a form of the relationship 
(2.29) 
have had considerable difficulty accounting for the contribution made 
by the nucleate boiiing component. None of the proposed modifications has 
distinguished iiself as completely successful. 
2.4 The Effect of Surface Tension 
Where evaporation takes place in a tube, the first appearance of the 
vapour phase occurs at minute pits and scratches which exist on all 
solid surfaces. Vapour trapped in such nucleation sites will not 
increase unless the liquid is superheated or the wall of the tube is 
above the saturation temperature in which case there will still be 
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superheated liquid present but in the form of a thin layer adjacent to 
the wall. The smaller a bubble the higher the superheat temperature 
necessary to stimulate growth and for any specific wall superheat there 
Is a minimum radius below which bubble growth is impossible. 
However, a bubble which is too big will also be unable to grow because 
it will project through the superheated area immediate to the wall into 
the main volume of liquid which is comparatively cooler. Bubbles 
will be unable to grow if the superheat is too small. Once the 
critical superheat is reached only one bubble size will be able to grow. 
Increasing the heat flux, and consequently the wall temperature, 
Increases the superheat thus activating nucleation sites which were 
previously eimer smaller or bigger than the critical size. A bubble 
will grow on a nucleation site until it escapes from the wall. 
This departure is governed by the influence of surface tension, 
buoyancy and inertia forces. 
Badger (B2), using a steam heated, forced convection, vertical copper 
tube evaporator (1.76 in. 1.0., 20 ft. long) investigated the effect of 
surface tension by adding a small quantity of "Duponol", a soapless 
detergent to the feed water, which lowered the surface tension by 
almost 50%. The boiling liquid film heat transfer coefficient was 
found to significantly increase. This was explained in that the heat 
transfer coefficient from a liquid to a vapour bubble is ~rgest for 
bubbl~ initiation but decreases with increasing bubble size. A decrease 
In surface tension causes smaller 'bubbles to be formed and 
consequently the heat transfer coefficient increases. 
The influence of various operating parameters in a vacuum run, steam 
heated, stainless steel evaporator (0.5 in. 1.0., 5 ft. long) was 
studied by Coulson and Mehta (C6). They varied the surface tension 
by adding 0.01 and 0.1% solutions of Teepol in water and found that 
halving the surface tension increased the film coefficient two .0 
three times. However, they attributed this effect to an increase in 
the foaming nature of the liquid as though isopropyl alcohol has a 
lower surface tension it did not foam and the boiling heat transfer 
was much lower than for water or Teepol solutions. 
Jontz and Myers (J2) studied ~he effect on the boiling heat transfer 
coefficient of varying the dynamic surface tension of boil ing water 
by adding Tergitol and Aerosol detergents. Boiling took place on an 
electrically heated copper cylinder, 3 in. in diameter. Results 
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from the experiments with Tergitol indicated that the heat transfer 
coefficient was a function of the Inverse of the dynamic surface 
tension, that is,the coefficient increased as the dynamic surface 
tension decreased. However, though Aerosol had no effect on the dynamic 
surface tension, a fourfold increase in the coefficient resulted 
suggesting that surface tension alone was not the only factor affecting 
heat transfer. A possible explanation put forward was that the 
detergent comprised large organic molecules which could serve as 
nuclei for the formation of bubbles at lower degrees of superheat than 
would be required at a solid-liquid interface. This was partly 
substantiated in that stable nucleate boiling occurred at a temperature 
difference which was much lower than normal. 
Experiments involving the addition of a surface active agent (Ultra Wet 
60L) to forced circulation boiling water to lower the surface tension 
were also carried out by Frost and Kippenham (F2). Boiling took 'place 
In the annular section of a glass tube (1.5 in. 1.0., 30 in. long) 
heated by a coaxial stainless steel rod. Reducing the surface tension 
Increased the heat transfer rate and the number of active 
nucleation sites which resulted at any given wall temperature be~ause 
the superheat required to initiate nucleation was decreased and heat 
transfer enhanced by the convection caused by bubble movement and the 
latent energy transport through the bubbles. For pure water the 
bubble life depended on the rate at which energy could flow by 
conduction to the bubble interface, however, where a surface active 
agent was present the surfactant molecules at the bubble interface 
decreased the evaporadon rate such t"hat it became the control I ing 
rate process. 
Zuiderweg and Harmens (Zl) investigated the effects of surface 
tension changes on the formation of interfacial area in distillation 
equipment. Liquid film stabilisation was found to occur with 
evaporating mixtures belonging to a positive surface tension system 
whereas liquid film breakup occurred with those having a negative 
system. They defined a positive system as one in which the more 
volatile component had the lower surface tension and a negative one 
where the more volatile component had the higher surface tension. A 
neutral system was also interpreted. This was described as one where 
the surface tension of the components showed no difference or where 
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the relative volatility is very low and the surface tension gradients 
are resultingly always small. The film effects were attributed to the 
Marangoni effect where I iquid surfaces of high surface tension wi thdraw 
when impinged on by ones of lower surface tension. 
The effect of surface tension on the boiling of binary mixtures was 
researched into by Hovestreijdt (H2). Heating took place on a 
horizontal platinum wire. Foaming was ·present for all positive systems 
Indicating the stabilisation of bubbles. This stabilisation was 
, . 
explained by the tendency in positive mixtures for liquid to be 
drawn in between bubbles approaching each other because of the 
surface tension gradient. The mean merging distance decreased 
consequently increasing the bubble population on the heating wall 
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and increasing the heat flux. Though the bubble growth rate decreased, 
the frequency of formation increased and the bubble diameters decreased. 
Heat and mass transfer from the liquid to vapour also increased 
because the sma II er bubb I es re'ma i ned in the vi c in i ty of the hea t i ng 
surface longer. 
2.5 . Heat Transfer to Boi I ing Binary Mixtures in Pool Boi ling 
An extensive amount of work has been done concerning heat transfer 
in pool boiling, however, almost all of it has been done using single 
component liqui,ds as test solutions. Only fairly recently have 
researchers ventured to thoroughly investigate the effects of using 
binary mixtures. 
The most comprehensive studies in pool boiling have been carried out 
by Scriven (SI6), and van Stralen and various co-workers (S2-S15, VI, 
W4). These were executed with sundry aqueous and organic liquid 
mixtures boi I ing on a horizontal platinum wire. It was evident in all 
cases that a maximum occurred in the maximum heat flux which was 
greater than the pure component values though the temperature of the 
heating surface was constant. The maximum value occurred at a 
particular concentration which was approximately independent of pressure 
and always occurred, in aqueous mixtures, for a concentration where 
water was in great excess. This phenomenon was explained in that 
the bubble growth rate decreased so that those bubbles leaving the 
heating surface had a smaller average size. The frequency of bubble 
formation and the population also increased. 
In the case of a single component the bubble growth rate relies on 
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the flow of heat to the bubble interface to compensate for the heat 
.needed during evaporation. However, thermal diffusion and mass diffusion 
of the more volatile component are inter-related in the case of binary 
mixtures. lri the immediate vicinity of the bubble the I iquid of 
higher volatility is quickly depleted. This results in a reduction in 
the bubble growth rate, especially where the mass diffusivity or 
concentration of the more volatile component is low, because the mass 
diffusivity is much smaller than the thermal diffusivity. 
A hi gh·er heat transfer resu lted because of the d i s turbance in the 
boundary layer caused by bubble formation and the circulation 
currents set up when bubbles escaped from the surface. Disturbances 
in the boundary layer promoted heat transfer by reducing the resistance 
to heat transfer by ordinary conduction and also by bringing about the 
intermixing of hot liquid from the environment of the boundary layer 
with the comparatively cooler surrounding liquid mass. This pool 
boiling heat transfer process is termed microconvective heat transfer. 
For a bubble developing in a superheated binary liquid 5criven (516) 
expressed the radius R of the growing bubble in terms of a growth 
constant Cl' the thermal diffusivity a, and the time t according to 
the equat ion 
(2.36) 
By making simplifying assumptions he carried out a mathematical 
analysis and developed the following expression 
t 
(at) LIT (2.37) 
(::)[ Hclpv _ (y* _ x)(%)t (~:)] 
where 
LIT 
(2.38) 
By using the bubble growth constant as a parameter Bruijn(B3) carried 
out comparisons of bubble growth in mixtures of I butanol-water, 
ethanol-water and acetone water, with various initial compositions, 
boiling at atmospheric pressure. He found that bubble growth was 
profoundly influenced by the superheat and introduced an 'exhaustion 
parameter' E to account for the effect of the depletion of the more 
• 
volatile component on Cl due to the competitive consumption by 
neighbouring bubbles when there is a. large population in a I imited zone 
of the solution. 
By filming glycol-water mixtures boiling at atmospheric pressure on a 
vertical copper surface with an artificial nucleation site, Westwater 
(W5) ascertained that the growth constant of Scriven could be given by 
= 
n - 0.5 at 
2.jCi'" (2.39) 
27 
where a and n are arbitrary coefficients and a is the thermal diffusivity 
of the liquid. The experimental data showed Cl to be smaller than that 
predicted by the equation. The discrepancy was thought to be due to 
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the ideal conditions which were assumed in the original derivation 
by Scriven. In similar experiments with ethanol-isopropanol 
mixtures (W6) he used the expression 
R 
= 2 jttf (2.40 ) 
'(where,'R is the bubble radius) as, in the previous equation, time, 
to the power n - 0.5 was very small and conSidered a'questionable 
variable. In this case, however, the theoretical prediction for the 
effect of composition on the growth constant was lower than the 
experimental data. The discrepancy was thought to be caused by 
different bubble types which were observed. 
van Stralen (53) showed that the ratio of the growth constant for the 
pure, 
given 
less volatile component Cl 
.p 
by the following equation 
~= .:.e. 
where 
C I,m 
H • 
Iv 
= - x (1.* - 1) (~~) 
x 
Therefore, 
to' that for the mi xture Cl was 
.m 
(2.41 ) 
(2.42) 
(2.43) 
The term on the right hand side of equation 2.43 is greater than unity 
and indicates that the bubble growth rate in a binary mixture is slower 
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than that in a pure liquid. Consequently, the bubble density increases, 
increasing the turbulence and producing a higher rate of heat transfer. 
Rice (RI) carried out experiments with boiling on a horizontal Alumel 
wire using isopropyl-alcohol-water mixtures. Results were supplemented 
with data for glycol-water and glycerol-water taken from literature 
and a relationship derived which showed that the heat transfer could be 
expressed as 'a function of a mOdified form of Scriven's bubble growth 
constant for binary mixtures, that is, 
h ex: 1 + Iy* - xl (~/D)i (2.44 ) 
By taking a thermodynamic approach Stephan and Korner (SI7) predicted 
that heat transfer to boiling binary mixtures should be a function of the 
magnitude of the difference in the equilibrium concentration(y"- x). 
They first divided the temperature difference fiT, between the wall and 
the boiling liquid Into two sections such that 
fiT = fiTideal + fiTexcess , (2.45) 
fiT' d 1 is the temperature difference if the mixture behaved as a single I ea 
component. However, Korner considered fiTideal made up of the 
temperature differences fiT 1 and fiT2' of the two components, which would 
result in the same heat flux, that is, 
(2.46 ) 
fiTexcess was an excess temperature to represent the deviation from the 
ideal value ~Tideal. 
Thus in boiling binary mixture heat transfer 
+ ~Texcess = I + 0 
~Tideal 
(2.47) 
The authors found that the par'ameter 0 was highly rei iant on the 
extent of the difference in the equi nbrium concentrations and partly 
on the fluid properties. They derived the empirical equatio~ 
o = Alv*- xl (2.48) 
where ~and x are the equilibrlu~. concentrations of the more volatile 
component in the vapour and liquid respectively and A is a constant 
which accounts for the particular physical characteristics of the 
mixture under investigation. 
It was concluded that the difference in the equilibrium concentration 
between liquid and vapour (y*- x) has a significant effect on bubble 
~o 
growth rates and consequently heat transfer in boiling binary mixtures. 
In Russia Grigorev (G4-G9) and Tolubinskii (T3-T6) also related heat 
transfer to the concentration difference between the equilibrium vapour 
and liquid. 
Grigorev and associates carried out experiments boiling various alcohol, 
water and acetone mixtures on a horizontal, electrically heated tube. 
They found that the heat transfer coefficient was inversely 
proportional to a function of a concentration parameter, that is, 
~l 
[ 
(/'- X)2] -0.58 
ha: I+Y*(J_/J (2.49) 
where x andy*are the compositions of the more volatile component in 
the liquid and vapour respectively (G5). 
Tolubinskii and co-workers (T3), experimenting with ethanol-water, and 
ethanol-butanol, found that heat transfer was similarly dependent on 
a concentration parameter acco'rding to 
h a: [I - (y*- x)] 1.85 (2.50) 
Further experiments were carried out (T4) with alcohol-water mixtures 
and a mathematical analysis developed. It was concluded that 
[ (y*_ X)2]1.6 h a: I - y"(J _ xl (2.51) 
The drawback with relationships based on composition alone is that 
changes in heat transfer coefficient cannot be accounted for simply by 
physical property changes in a boiling binary mixture due to the change 
in composition. In this respect the relationship based on Scriven's 
work is the most comprehensive as it directly includes relevant physical 
propert i es .. 
2.6 Heat Transfer to Boiling Mixtures in Flow Boiling 
Work done so far on the transfer of heat to binary mixtures boiling in 
tubes is sparse. 
Kirschbaum (K2) experimented with glycerol-water mixtures in a natural 
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circulation evaporator (40 mm I.D~, 2 m long). He found that a maximum 
In the heat transfer, which was double that for pure water, occurred 
at a concentration of 20 wt. % glycerol. 
A study was carried out by Carne (C7) using subcooled benzene-toluene 
and acetone-toluene systems boiling at two atmospheres, flowing through 
----a glass tube (~-in. I.D.) and heated by a coaxial stainless steel 
rod (-i in. 0:0., 3 in. long). Results showed that over a particular 
concentration range the critical heat flux was higher than for either 
of the two components. 
The most comprehensive work found so far concerning boiling binary 
mixtures in tubes has been an investigation concerning a vertical 
thermosiphon reboiler (70 x ~ in. 1.0. tubes and 3 x n in. 1.0. tubes, 
8 ft. long) associated with a distillation column. 5hellene and 
co-workers (521) colkcted data from tests with water, isopropyl alcohol-
water, methyl-ethyl ketone·water and glycerol-water mixtures and found 
that heat transfer was a function of composition. Some of the results 
for IPA-water and MEK-water systems showed a maximum in the heat flux 
versus temperature difference plots. Apparently the decrease was 
initiated when the surfaces of the tubes were partly covered by a 
layer of vapour which had a -lower thermal conductivity. 
Gadsdon (Gl) and Denning (D2) carried out experiments with a steam 
heated, vertical copper tube, natural-circulation evaporator (0.485 in. 
1.0., 4 ft. long). The independent variables were -submergence, temperature 
difference, and inlet composition. 
Gadsdon used pure water and isopropyl alcohol-water test mixtures 
" 
and found that maxima in the heat' transfer coefficient in alcohol-water 
mixtures vanished as the influence of the forced convection boili~g 
mechanism increased. Liquid flow rates decreased with increasing vapour 
velocities because of the frictional head. A plot of hf/h l versus l/Xtt 
for the pure components yielded a series of parallel straight lines 
which depended on the temperature difference. At a particular point 
the gradient'changed. This corresponded to about 80% quality which 
indicated a change in the flow'mechanism from annular to dispersed 
flow. Neither the correlation found by Guerrieri and Talty nor that by 
Bennett fitted the experimental data very well. 
Denning used water and normal propyl alcohol-water mixtures. Maximum 
and minimum values for heat transfer were apparent which faded with 
increasing temperature difference. Length-mean heat transfer coefficients 
and heat fluxes were estimated to be acceptably representative of the 
variation between inlet and outlet conditions. The pure water and NPA data 
were satisfactorily correlated by a modified form of the Lockhart and 
Martinelli parameter which included factors involving temperature and 
surface tension. Another general correlation was developed for the 
binary mixtures which gave a scatter which was thought to be a function 
of fluid flow oscillations in the tube. 
2.7 Oscillations in Flow Boiling 
In natural circulation boiling loops a point is reached such that 
under certain hydrodynamic and thermodynamic conditions a further 
Increase In power will cause instability and flow oscillations will 
result. These oscillations are a~parently due to liquid surges when 
a vapour plug collapses, upon reaching the exit of a tube, causing a 
decrease in the pressure drop. Such pulsations may reduce 
the effectiveness of heat transfer through the walls and have a ~ 
destructive effect on equipment. 
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A comprehensive programme investigating the effects of operating 
conditions on flow oscillations was executed by Becker et al. (B4). 
Experiments were carried out with a stainless steel natural circulation 
loop using desalinated water flowing through a 20 mm 1.0., 4.9 m long 
electrically heated test section·at a pressure of 50 atm. One parameter 
was varied while the others were kept constant. The threshold of 
instability increased and approached the burnout curve ~s pressure was 
increased. As the inlet subcooling increased the stability decreased, 
however, at considerable subcooling stability began to increase because 
power went to heating the water to its boil ing point. The effect of 
subcooling is well illustrated by Crowley (cB). With increasing liquid 
levels the stability increased until flow was so stable that burnout 
resulted without oscillations ever occurring. On the other hand, outlet 
throttling caused the flow to become more unstable. As the test 
section diameter ·increased or the channel length decreased there was a 
corresponding increase in the stability and as the power was increased 
oscillations increased until burnout occurred. 
There are two practicable ways of preventing flow oscillations in natural 
circulation loops. The evaporator can be operated such that the working 
conditions assure hydrodynamic stability. In this technique, however, 
there is the drawback of having to be able to make a precise estimation 
of the stage at which unstable operation will commence. A change to 
forced circulation by the addition of a pump improves stability. However, 
the ultimate result will depend on the driving force which the pump 
prov ides. 

3. Apparatus 
A steam heated, natural-circulation, vertical stainless steel evaporator 
was used during the course of experiments. A flow diagram of the 
apparatus is given in Figure 3.1. 
The liquid under investigation was contained in a preheater unit which 
comprised a steel steam-heated boiler (I) (24" x 9" dia.) on which was 
mounted a 6' column (2) made of 4" dia. QVF glass with a condenser vent (3) 
at the top to maintain atmospheric conditions. (For the same reason 
condenser vents (4 & 5) were connected to the reservoir tank and 
overflow liquid orifice flowmeter.) By using the preheater to bring the 
lIquid to its saturation temperature the evaporator (6) could be used 
completely for evaporation instead of partly for heating the liquid to the 
boil ing point. The level of the 1 iquid in the evaporator itself (submergence) 
was noted by referring to a scale on the glass column (2). 
The evaporator test section (Figure 3,2) was made up of an inner stainless 
steel tube of 1.0. 0.488" and 0.0.0.731".' These dimensions were determined 
by measurements on a sample length of the tube, supplied by the 
manufacturer, using a micrometer and a patr of calipers. The evaporator 
tube was contained in a 2" 0.0. vented brass tube giving 4' of heated 
length. , 
Elg~t equally spaced Ni er/Ni Al thermocouples had been welded to the 
Inner wall of the evaporator and eight to the outer wall, however, not all 
were found to function and those that did read bulk instead of wall 
temperatures so they were unable to be utilised. Inlet and outlet test 
liquid temperatures and the steam temperature were read by NPL tested 
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mercury-in-glass thermometers (7, 8 & 9 respectively) checked with a 
boiling water bath. 
The evaporator was heated by, steam from an electrode boiler operating at 
a maximum pressure of 80 psig. The steam pressure, and thus temperature, 
could be varied by adjustments to a Bailey reducing valve in the delivery 
l~ne. The resulting,value was read on a 0-160 psig. or a 0-60 psig. 
Bourdon type pressure gauge, depending on the,conditions selected,and the 
temperature on a thermometer (9) inserted in a mercury fi lIed 'thermometer 
pocket projecting into the steam delivery pipe. The condensate passed to 
the drain through a tube equipped with a sight glass and a Spirax 9-200 
three eighth inch steam trap (10). 
The temperature of the' test 1 iquid at the inlet to the evaporator was read 
by a thermometer (7) inserted through a side arm on the evaporator tube. 
The exit temperature was measured by a thermometer (8) inserted in a 
fibre glass lagged QVF glass vapour/l iquid separator head (11) 0" dia., 
IS" high). Also connected to the separator was a manometer (12) for 
measuring the back pressure which was used in correcting the submergence. 
Twolines were taken from the evaporator head. The upper line (13) was 
lagged with layers of fibre glass and carried the vapour through two glass 
cyclones (14 & 15) (8~" dia., inlet tube dia. It", vapour outlet tube 
dia. 2" and 1 iquid outlet tube dia. I") to a water cooled copper 
condenser (16) (comprising 25 copper U tubes each of 54" length and 19/32" 
2 0.0. giving a cooling area of 17.5 ft.). The condensed vapour then 
passed through a submerged orifice flowmeter (18). However, this was not 
utilised as it was more accurate to take timed samples from the three way 
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0.5" dia. glass valve (19) inserted in the 1 ine from the flowmeter to the 
copper reservoir tank (20) (2' x I' dia.). The lower line (21) was 
connected to the liquid outlet tubes (22 & 23) from the two cyclones and passe 
the fluid through another submerged orifice flowmeter (25), past a 
j!" three way Saunders valve for taking timed samples, to the copper 
reservoir tank which was connected to the preheating unit. 
The reservoir tank was part of a system for maintaining constant 
submergence in the evaporator test section. Liquid· was taken from the 
bottom of the reservoir by means of a Crane Packing Ltd .• double ended, 
P.T.F.E. bellows pump (27). This was driven by a variable stroke 
reciprocating motor operated with compressed air which passed through 
a Norgren air filter E 30 BE-2, pressure regulator and gauge 20AG, and oil 
filled micro-fog unit 3041-2L that gave continuous lubrication of the 
motor. The liquid was dropped into the glass column of the preheater unit. 
Lower down (28), liquid passed into the reservoir tank through a ball 
valve (29) which regulated the level of liquid. If the pump delivered more 
liquid to the preheater than was entering from the flowmeters, the liquid 
level would drop, the ball valve would open and the exces~ liquid flow 
from the preheater back into the reservoir. This arrangement also kept the 
flowmeters from being flooded during high submergence runs as they were 
not directly connected to the preheating unit. 
Work was also carried out with a second evaporator assembled from six 
stainless steel sections (Figure 3.3), each with its own independent steam 
jacket. The flow diagram is the same as that for a single steam 
compartment evaporator. Each section (Figure 3.4) had its own steam 
inlet, vent and steam jacket condensate outlet with the inlet flange 
(Figure 3.5) containing an evaporator tube condensate outlet, sampling 
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point, and thermocouple well. The six sections were identical except the 
inlet section had an entry tube and the upper flange of the top sefCtion 
had a thermocouple well. 
From a sample of the stainless steel evaporator tube provided, the 1.0. 
was found to be 0.5004" and the 0.0. 0.6245". Each evaporator tube was 
surrounded bya 2" 0.0. stainless steel tube and steam heated over an 
8" length. Steam condensate from each evaflorator tube section was 
carried through the inlet flange and then A" stainless steel tubing to 
a Spirax 9-200 three eighth inch steam trap where the condensate was 
either collected in beakers for measuring or allowed to flow down the drain. 
Condensate from the steam jacket wall passed to a common line and then to 
the drain via another Spirax steam trap. 
,The temperature of the test liquid at the inlet to each section and the 
outlet of the last section was measured with seven Ni Cr/Ni Al 
thermocouples, one inserted through each flange. The cold junction (30) 
was an electrically operated AEI Cold Junction Thermostat Type CJI which 
gave a constant cold junction temperature to within ~ O. lOCo The 
compensating leads from this and the thermocouples passed to a junction 
box (31). This was connected to a Dynamco DM2006 digital voltmeter which 
simultaneously displayed the mill ivoltage reading and typed it on a OM 
electric typewriter with which it worked in conjunction. 
At the inlet to the first section was a tested and calibrated SE laboratories 
l,td. SE 42/H/V /AA/l Ops i 0 high stab i 1 i ty DC/DC pressure transducer 
powered by a type MSU S/N-3704 mains operated Farnell variable stabilised 
power unit which del ivered a constant 10 vol ts DC. The transducer was 
then connected to a Southern Instruments Ultra Violet Recorder F 10-202 via 
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an M04-300 OC amplifier and an M04-110 power supply. Oscillations were 
registered by an SMI/V moving coil mirror galvanometer which reflected 
the U.V. light onto Agfa Gevart Recording Paper Oscilloscript O. The 
trace was made apparent by exposure to light. To prevent overdevelopment 
and subsequent erasure of the record, it was fixed by spraying with Kodak 
Linagraph Stabilizing Lacquer. 
The evaporator was run for over a month befor.e formal .experiments were 
carried out and the steamside heat transfer coefficient was determined 
by means.of the Wilson plot (Appendix 9.7). 
Complete dimensions for the two stainless steel evaporators and the 
copper one used by Gadsdon (Gl) and Oenning (02) are given in 
Appendix 9.1. 
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4. Experimental Procedure 
The compressed air supply to the bellows pump was turned on and then 
the pump motor set operating. The cooling water valves were turned on 
and the outlet valves checked to be open. The steam was turned on at 
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the master valves and then the steam line to the preheater flushed by 
opening the bypass exit valve to the drain. When steam started issuing 
the bypass valve was turned off and the· preheater valve turned on. After 
the test liquid started to boil gently the steam line to the evaporator 
was similarly flushed and connected. The temperature of the steam 
provided to the evaporator was varied by adjusting the pressure regulator in 
the steam supply line • 
. The inlet concentration of the test liquid to the evaporator was checked 
by taking a sample from the preheater by means of a small side cock (32), 
measuring the refractive index on the Abbe refractometer and referring to 
a refractive index versus composition chart. The ground quartz windows 
of the refractometer were kept at 200 e by a thermostatically controlled 
water bath. The accuracy was checked periodically with analytically pure 
benzene and distilled water. 
The Glycerol used for making the test solutions was supplied by Gerard 
Brothers Ltd., Nottingham and had a purity greater than 99 wt. t. The 
water required was taken from a distillation unit in the department. If 
any adjustment in the test mixture concentration was needed, distilled 
water or Glycerol was added to the reservoir tank (33), as necessary, 
and the refractive index taken after sufficient time had been given for 
concentration change to settle. 
The submergence was chosen by first reading the scale attached to the 
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glass column (2) and subtracting the back pressure as read on the 
manometer (12) connected to the vapour head (11). Test liquid was 
either added to the reservoir tank (33) or removed from the bottom of the 
preheater (34) for storage, as required. 
Equi 1 ibrium conditions in the apparatus were attained after about two 
-hours and were itdicated when two successive sets of readings were 
substantially unchanged. If the test 1 iquid was a binary mixture, 
samples of the inlet liquid, outlet .liquid, and outlet vapour condensate 
were collected in sample tubes by means of cocks on the side of the 
preheater (32) and in the liquid and vapour condensate lines 
respectively (24 & 17). The evaporator inlet and outlet temperatures and 
the steam temperature and pressure were noted. A reading of the 
. manometer was taken. The flow rates of' the condensed vapour and 
. circulatingliquidwere measured by collecting samples in measuring 
cylinders by means of the three way valves (19 & 26) and timing the 
period of collection with a stop watch. The temperatures at which the 
sample volumes were read were also noted. The vapour flow rate was 
determined first as this usually had a smaller value and, had a negligible 
effect on the equilibrium of the system. The samples were returned to 
the reservoir tank and duplicate results could be obtained after the 
system was given time to settle. The submergence and atmospheric pressure 
were finally noted. 
In closing down, the steam supply was first stopped by turning off the 
main steam valves, then the local valves to the preheater and evaporator 
and finally opening the bypass outlet va·lves to the drain which allowed 
any entrained vapour and condensate to clear out. The compressed ai r 
line was turned off and then the pump. This sequence allowed the pump 
motor to exhaust the atmospheric pressure. Finally, the supply of 
coo 1 i rig water was turned off. ~ 
The operation of the six steam compartment evaporator was essentially 
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the same." In addition to the previous procedure during" start-ups, the 
electric cold junction, pressure transducer, power supply, digital voltmeter, 
and ultra violet recorder and amplifier were connected to the mains supply 
and switched on. 
When the system had reached equilibrium, 2 1. pyrex beakers were placed 
under the steam trap exits to collect the condensate and the time of 
collection, which depended on the steam pressure, recorded with a stop 
watch. During this time readings on the seven thermocouples were 
. periodically taken and recorded by the typewriter. "At the end of the 
period the volume acc~mulated in each beaker was measured with a 
measuring cylinder and the temperature noted. When final readings were 
being collected a pressure trace was taken on the Ultra Violet recorder, 
developed, and stabilized by spraying with lacquer. 
Sources of Error 
The evaporators used were made of stainless steel and only distil~d water 
and glycerol were used in the test mixtures. Though pure glycerol is 
reported to decompose at its boiling point of 2900 C, the maximum 
concentration used during the course of experiments was 90 wt. % 
glycerol with a boiling point of 137.SoC so decomposition would not have 
occurred during the course of experiments. Consequently there should 
not have been any scale deposits. 
, 
Before formal experiments were started, the evaporators were operated 
for about 120 hours which gave sufficient time for any ageing effect 
of the surfaces to run b completion. 
The Bailey reducing valve which regulated the pressure of the steam 
to the evaporator was able to maintain conditions such that the 
.. --temperature-was -constant· to wi·thin +O.loC. 
Bubble formation in the preheater indicated that the test mi·xture 
was maintained at its boiling point. This was kept such that a steady 
stream of small bubbles rose up the glass column mounted on the boiler 
section. If boiling was too violent or subcooled flow oscillations 
and flow rates would be affected. 
Heat losses in the liquid-vapour separator head, cyclones, and the 
line connecting these to the condenser were minimised by covering 
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everything with layers of fibre glass lagging. No detectable temperature 
difference between the lagging surface and the atmosphere indicated that 
heat losses could be assumed negligible. 
Errors in readings were minimised by taking repeated readings of 
temperatures, flow rates, and concentrations. Temperatures could be 
read to within ~O.loC on N.P.L. tested mercury-in-glass thermometers. 
The vapour condensate flow rate was able to be measured to =0.5 c.c. 
and remained constant to within = 1%. The overflow liquid could be 
measured to = 5 c.c. and was consistent to + 3%. Concentrations were 
constant to +0.5 wt. % water and could be read to within +0.33 wt. % 
on the Abbe refractometer. Consequently, repeated runs for water under 
the same conditions gave deviations of seven to ten percent bet~leen the 
inside film heat transfer coefficients. 
In the case of the six compartment evaporator the amount of heat 
transferred based on the collect ion of steam condensate from eaclt 
compartment was, on average, 12% higher than that calculated by a heat 
balance based on the flow of vapour, and circulating liquid, This 
discrepancy is probably caused by unavoidable heat losses through 
the flanges of each section making up the evaporator. A correction 
factor was introduced to account for these hea·t losses so subsequent 
calculations were based on thi total heat transferred as given by the 
calculated heat balance. 
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5. Experimental Resul ts 
Experiments have been carried out using pure water and glycerol-water 
mixtures in two stainless-steel evaporators. 
In the first, the evaporator tube was heated over a four foot length 
by means of a single steam jacket. The test liquid inlet and outlet 
temperatures, steam temperature, flow rates of circulating liquid and 
vapour condensate, and the concentration of the inlet and outlet test 
liquid and outlet vapour condensate were measured. The results 
permitted the calculation of length-mean values of heat flux, inside 
film heat transfer coefficient and inside film temperature difference. 
The second evaporator tube was assembled from six sections, each 
heating an eight inch length of tube by means of its own independent 
steam jacket. In addition to the results recorded previously, test 
liquid temperatures along the evaporator were obtained with Ni er/Ni Al 
thermocouples, steam condensate from the evaporator tube wall in each 
section was collected in a beaker over a timed period, and a pressure 
transducer measured inlet liquid pressure fluctuations. Besides 
length-mean values with respect to the total four feet heated length, 
the value for each compartment of heat flux, Inside film heat transfer 
coefficient, and inside film temperature difference were calculated .. 
A sample calculation is given in Appendix 9.6. The experimental 
resul ts a re summar i sed in Tab 1 e 5.0 and comp I ete resul ts are presented 
in Tables 5.1A and 5.2A. 
The independent variables were the overall temperature difference, 
submergence and inlet test liquid concentration. Since the inlet 
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liquid was at its boiling temperature the overall temperature difference 
~ 
was taken as the difference between the steam temperature and the 
average of the inlet and outlet test liquid temperatures. The values 
varied from 21 to 930 F. depending on the inlet liquid concentration 
and consequently the boiling point. Submergences were varied between 
40 and 100% and the inlet liquid concentrations from 10 to 100 wt. % 
··water in glycerol. 
Plots of basic results are shown in Figs. 5.1.1-5.1.28 for the single 
compartment evaporator, and 5.2.1-5.2.10 for the six compartment 
evaporator. 
The inlet liquid flow rate decreases while the outlet vapour increases 
(5.1.1-5.1.6) because the pumping action of the vapour produced is 
similar to an air lift pump where a maximum pumping rate is obtained 
at an optimum air flow rate. Initially, increasing the vapour flow 
rate would produce a corresponding increase in the liquid flow rate 
due to the decreasing density of the two phase system, however, at the 
same time a point is reached where the frictional head becomes the 
predominant effect. After this, increasing the vapour flow rate 
produces a decrease in the liquid flow rate. The curves indicate that 
the evaporator operated in the region where the frictional head was 
preponderant and where both decreasing the submergence and increasing 
the temperature difference increased the proportion of vapour present 
in the two phase mixture. 
Figs. 5.1.7-5.1.22 illustrate the effect of concentration on the inlet 
1 iquid mass flow rate (5.1.7-5.1.9), outlet vapour massflow rate 
(5.1.10-5.1.13), heat flux (5.1.14-5.1.17), and inside film heat transfer 
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coefficient (5.1.18-5.1.22) with the overall temperature difference and 
submergence as parameters. 
The minima in the inlet I iquid flow rates versus concentration curves 
(5.1.7-5.1.9) are caused by a maximum in the density of water-glycerol 
mixtures. As the concentration of water decreases the I iquid density 
increases and the frictional head also increases thus producing a 
decre·ase in the inlet I iquid 'flow rate. Once the density begins to 
. decrease, the opposite is true. The reduction in frictional head is more 
marked at the lower temperature difference where less vapour is 
produced. 
The mass flow rate of outlet vapour increases with increasing water 
concentration, temperature difference, and submergence (5.1.10-5.1.13) 
because of higher heat transfer. Of the three variables, temperature 
difference has the dominant effect. 
Heat transfer properties improve with increasing water concentration, 
submergence, and temperature difference consequently giving increases 
in heat flux. Temperature difference, again, has the main effect and 
the trends are consistent with those shown by changes In outlet vapour 
flow rates. (5.1.14~5.1.17) 
The changes in inside film heat transfer coefficient with concentration, 
submergence and overall temperature difference (5.1.18-5.1.22) 
are summarised in the table given overleaf. 
21 
37 
55 
72 
89 
Submergence 
% 
-100 
80 
60 
40 
100 
80 
60 
40 
100 
80 
60 
40 
100 
80 
60 
40 
100 
80 
60 
40 
Cl i wt. % water 
hmax 1 hm1n hmax 2 
18 29 63 
20.5 31 63 
20.5 31' 47.5 
(21) (49) 80 
47 
, 47 
45 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
100 
100 
64 80 
(65) (80) 
66 
66 
80 
80 
( ): marked change of gradient only. 
The profiles with two maxima in heat transfer are only found at low 
temperature differences and high submergences. The nucleate boiling 
component is significant under such conditions where, from results 
obtained by van Stralen et al. (51) in pool boiling experiments, 
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maxima in heat transfer are due to the formation of minimum sized 
bubbles on the heating surface. As the temperature difference increases 
--- and -the-submergence decreases-the-nucleate boil ing effect-decreases 
el iminating -the lower maxima. Finally, at the highest temperature 
difference and 60 and 40% submergences where the-convective heat 
transfer contribution is at a maximum for the series of experiments, 
the heat transfer maxima are eliminated altogether. The maxima 
consistently present at 80 wt. % water are in agreement with experiments 
carried ou~ by Kirschbaum (K2). 
The rate of Increase in heat flux, with increasing temperature 
difference, decreases with decreasing water concentration (5.123-
5.1.28) because of the poor heat transfer properties of glycerol. 
The rate of I ncrease a 1 so decreases wi th i ncreas i ng submergence because 
of the decrease in the proportion of vapour in the 1 iqu,id-vapour 
mixture. 
The inside- film heat transfer coefficient increases with height along 
the six compartment evaporator and the overall temperature difference 
(5.2.1-5.2.10). The decrease at high temperature differences occurs 
because of the large amount of vapour produced compared to the liquid 
which, coupled with flow oscillations, cause dry wall conditions. 
Table 5.3 giving amplitude and frequency of pressure fluctuations for varyil 
temperature difference, concentration and submergence does not permit any 
55 
exhaustive conclusions to be made because of the limited sample. 
However, the following trends are apparent. The average amplit~de and 
frequency decrease with decreasing temperature difference and 
submergence because the amount of vapour produced decreases thus 
decreasing changes in momentum. Amplitude and frequency also decrease 
with decreasing water concentration because the density and viscosity 
Increase and this brings about a greater damping effect. 
Table 5.0 Summary of Experimental Results (Length-Mean Values) 
Range of; 
C I1Tov Wlo Wvo Xo Vii V10 Vvo q hf I1Tf 
Wt. % of. 
weight Btu./hr. of. 
water lb./hr. Ib./hr. fract ion ft./sec. ft./sec. ft./sec. Btu./hr. ft? of. it~ 
Single Compartment Evaporator 
100 20.6-93.4 34.1-416.6 6.1-32.0 0.022-0.478.0.234-1.526 0.122-1.489 35.3-182.0 10969-59854 1196-1910 7.0-34.1 
80 20.3-91.8 28.4-342.4 7.3-30.6 0.026-0.5Q8 0.197-1.202 0.094-1.168 42.0-176.9 12695-57490 1562-2209 6.2-34.4 
65 20.5-87.6 28.5-287.3 7.0-28.3 0.029-0.479 0.181-0.973 0.089-0.944 40.6-163.5 13174-53250 1183-2549 5.6-34.8 
50 19.5-83.5 33.4-269.6 6.5-25.6 0.028-0.402 0.179-0.878 0.101-0.850 37.6-151.1 12046-48495 1177-2164 6.0-34.3 
30 20.0-68.9 70.2-237.7 5.9-19.3 0.028-0.179 0.252-0.747 0.211-0.725 34.9-116.2 1.1 685-37592 946-1936 6.7-31.9 
20 19.2-57.2 78.4-291.3 5.2-15.2 0.025-0.134 0.272-0.896 0.233-0.873 31.2-92.7 10573-30041 906-2063 6.7-28.7 
10 30.3-33.3 88.4-242.1 6.2-9.4 0.039-0.066 0.281-0.744 0.262-0.718 40.0-60.6 13266-19591 682-1879 ·10.4-19.5 
Six Compartment Evaporator 
100 40.6-93.9 25.5-332.6 19.3-57.5 0.056-0.679 0.270-1.209 0.087-1.132 105.5-314.1 . 31547-1042871749-6332 12.3-22.3 
80 17.8-54.1 67.5-368.2 11.0-32.9 0.033-0.319 0.322-1.238 0.215-1.196 60.2-180.7 18065-58427 2803-5055 4.5-12.5 
65 18.4-69.0 75.8-384.8 10.4-37.7 0.032-0.322 0.343-1.243 0.229-1.199 57.5-208.8 17007-66742 . 2390-3243 5.7-20.6 
50 17.9-49. I 189.0-408.1 8.8-25.0 0.039-0.117 0.646-1.264 0.561-1.227 49.1-139.3· 14345-41603 1556-2210 9.2-18.8 
Fig. 5.1.1 
0.8 
0.6 
ft./sec. 
0.2 
r±= ~ 
0 
0 
Inlet Liquid Velocity vs Outlet Vapour Velocity for; 
Single Compartment Evaporator 
Water 
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Tables of Experimental Results (5.lA, 5.lB, 5.lC) 
Legend 
RN Experimental run number 
Percent liquid submergence 
Liquid temperature at evaporator inlet 
Liquid temperature at evaporator outlet 
Steam temperature 
Overall temperature differ~nce 
Cli Composition of liquid at evaporator inlet wt. % water In g 1 ycero 1 
Clo Composition of liquid at evaporator outlet wt. % water in glycerol 
C
vo Comp~sltion of vapour at evaporator outlet wt. % water in g 1 ycero I 
Wlo Mass flow rate of liquid at evaporator outlet lb./hr. 
W
vo Mass flow rate of vapour at· evaporator outlet lb./hr. 
Quality at evaporator outlet weight fraction of vapour 
Velocity of liquid at evaporator inlet ft./sec. 
Velocity of liquid at evaporator ·outlet ft./sec. 
Velocity of vapour at evaporator outlet ft./sec. 
Heat flux Btu./hr. ft~ 
Overa 11 heat transfer coefficient based on the Btu./hr. ft~ of. inside heat transfer area 
Ins i de film heat transfer coeffi cl ent Btu.fhr . ft~ of. 
Inside film temperature difference . of. 
Present Series or Exp.eriments , 
,5.1A Water-Glycerol Results 
om S T. To T LlTov Cli Cl0 Cvo Wl0 W X Vli VI0 Vvo q Uin h~ LlTr ~ s vo 0 
Water 
1 100 102.4 99.6 113.0 21.6 100 100 100 416.6 9.5 0.022 1.526 1.489 55.2 13825 640 1923 . 7.2 
::> 80 102.2 99.6 113.0 21.8 354.9 9.2 0.025 1.304 1.269 53.7 14197 652 2034 7.0 
3 67 102.0 100.0 112.9 21.4 272.6 7.9 0.028 1.005 0 •. 975 45.4 13050 609 1670 7.8 
'I- 46 101.3 100.0 112.1 20.6 142.7 6.1 0.041 0.533 0.510 35.3 10969 532 1196 9.2 
::> 100 103.1 100.0 123.6 39.7 334.3 15.3 ·0.044 1.253 1.195 88.0 25233 636 1871 13.5 
::> 83 102.7 100.0 123.1 39.2 277.7 14.5 0.050 1.047 0.993 83.5 24774 633 1846 13.4 
7 56 102.0 100.0 123.1 39.8 192.9 13.2 0.064 0.738 0.690 75.9 23604 593 1547 15.3 
3 33 101.3 100.0 123.2 40.6 100.3 11.9 0.106 0.402 0.359 68.3 22042 543 1246 17.7 
3 100 102.6 99.7 133.3 57.9 234.0 20.6 0.081 0.912 0.837 119.3 36498 631 1817 20.1 
10 81 102.2 99.7 133.3 58.2 182.6 19.5 0.097 0.724 0.653 113.2 35319 607 1630. 21.7 
11 60 101.7 99.7 133.3 58.7· 123.4 18.8 0.132 0.509 0.441 108.6 34598 590 1513 22.9 
12 42 101.1 99.7 133.1 58.9 74.6 17.7 0.192 0.330 0.267 102.6 33143 563 1350 24.5 
13 100 103.0 100.0 143.2 75.1 167.1 24.8 0.129 0.688 0.598 142.6 45082 601 1579 28.6 
14 80 102.6 100.0 143.1 75.2 128.6 24.6 0.160 0.549 0.460 140.9 45211 601 1581 28.6 
l5 61 102.0 100.0 143.1 75.8 91.3 24.0 0.208 0.413 0.326 137.9 44803 591 1516 29.6 
16 42 101.6 100.1 143.1 76.1 54.6 25.0 0.314 0.285 0.195 142.9 46946 617 1700 27.6 
17 95 103.3 100.2 153.2 92.6 114.4 31.2 0.214 0.522 0.409 177.7 57542 621 1720 33.5 
l8 79 103.0 100.2 153.3 93.1 96.4 30.9 0.243 0.456 0.345 176.1 57377 617 1684 34.1 . 
19 59 102.6 100.2 153.0 92.9 61.1 32.0 0.343 0.333 0.218 182.0 59854 644 1910 31.3 
20 45 102.0 100.2 153.0 93.4 34.1 31.2 0.478 0.234 0.122 17705 58726 629 1778 33.0 
80 wt. % Water in Glycerol 
1 99 104.4 101.3 114.1 20.3 80 80 100 342.4 9.2 0.026 1.202 1.168 53.6 13503 666 2173 6.2 
2 83 103.9 101.3 11401 20.7 80 . 80 299.6 8.5 0.027 1.053 1.022 49.0 12916 624 1779 7.2 
3 63 103.4 101.3 114.2 21.4 80 . 80 219.8 7.5 0.033 0.777 0.751 43.6 12695 595 1562 8.1 
'I- 44 102.8 101.4 114.2 21.8 80 80 73.7 7.3 0.090. 0.277 0.252 42.0 13522 620 1749 7.7 
::> 100 104.4 101.4 124.2 38.3 80 80 248.7 14.5 0.055 0.900 0.850 84.0 25014 653 2025 12.4 
::> 85 104.0 101.4 124.2 38.7 80 80 211.3 13.9 0.062 0.770 0.721 80.2 24373 630 1821 13.4 
7 65 103.7 102.1 123.9 37.8 ' 80 79 161.0 12.8 0.074 0.593 0.548 73.9 23500 622 1756 13.4 
3 . 46 103.0 102.2 123.9 38.4 80 78 106.0 12.2 0.103 0.404 0.361 70.4 22872 596 1565 14.6 
3 100 104.8 102.2 134.1 55.1 80 78 180.4 19.8 0.099 0.685 0.615 114.2 35734 649 1971 18.1 
'" 
'" 
ill S T. TO Ts' t.Tov Cl· Cl0 Cvo WI0 W Xo Vli Vl0 Vvo q U. h f t.T f ~ . ~ vo ~n 
LO 85 10404 102.3 134.1 55.4 80 79 100 146.4 1903 0 0116 0.566 0 0499. 111.1 35468 640 1895 1807 
Ll 65 103 08 102.6 133.8 55.1 80 77 10701 1802 0.145 0.428 0.364 104.9 33975 617 1707 19.9 
L2 44 103.0 102 06 134.0 56.1 80 76.5 69.1 18.0 0.206 0.298 0.234 103.4 33934 605 1613 21.0 
L3 100 105.0 102 07 144.2 72.7 80 76 121.2 25.1 0 0172 0.499 0.410 144.6 46364 638 1862 24.9 
L4 87 10406 102 06 144.2 73 00 80 76 99.6 2407 0.199 0.425 0.337 142.3 45996 630 1794 25.6 
L5 65 103.8 103.0 143.7 72.6 80 74 70 03 23.8 0.253 0.322 0.237 136.8 44653 615 1682 26.6 
L6 45 103.2 103.3 143.6 7206 80 71 46.9 25.9 0.356 0.249 0.157 14900 48962 674 2209 22.2 
L7 100 104.9 103.2 153.8 89.6 80 72 75.9 30.4 0.286 0.363 0.254 17409 56623 632 1803 31.4 
L8 81 104.4 102.7 154.4 91.6 81 73 58.8 30.6 0.343 0.306 0.198 176.9 57490 628 1768 32.5 
L9 60 103.9 102.9 154.4 91.8 81 70 51.2 30.1 0.370 0.278 0.171 17400 56650 617 1687 33.6 
:0 44 103.3 103.8 154.3 9104 80 63 2804 29.3 0.508 0.197 0.094 170.1 55518 608 1616 34.4 
65 wto % Water in Glycerol 
! 93 105.9 103.8 116.2 20.5 63 62 287.3 8.6 0.029 0 0973 -0.944 49.8 14293 698 2549 5.6 
) 80 105.3 103.8 116.4 21.3 63 63 241.6 8.1 0.032 0.821 0.794 46.7 14230 668 2183 6.5 
5 67 104.3 103.8 116.4 22.3 63 63 165.8 7 00 0.041 0.568 0.545 40.6 13174 592 1539 8.6 
} 40 104.0 103.9 11606 22.8 64 62 11800 7.1 0.057 0.412 0.388 4103 13471 591 1532 808 
) 100 106.0 101.4 126.4 40.9 64 62 236.0 1309 0.056 0.823 0.774 8108 22807 558 1324 1702 
) 82 105.3 101 03 126.0 40.9 65 63 186.5 13.5 0.067 0.659 0.613 79.5 23266 569 1388 16.8 
) 62 104.6 101.3 126.1 4106 66 63 14106 13.2 0.085 0.512 0.466 77.9 23546 565 1367 1702 
) 42 103.6 101.3 12604 43.1 66 62 8809 12.4 0.123 0.335 0.292 73.2 22887 531 1183 19.4 
) 98 10605 104.3 136.2 5504 65 61.5 16508 18.6 0.101 0.609 0.543 107.7 33832 610 1651 20.5 
~o 80 105.9 10403 136.2 56.0 65.5 62 129.9 1804 0.124 0.490. 0.426 106.2 33993 607 1630 20.9 
.1 62 105.3 104.4 136.2 56.4 66 61 9900 1800 0.154 0 0387 0.324 103.9 33633 596 1552 2107 
.2 42 104.6 104.9 136.2 56.6 67 59 67.8 17.4 0.204 0.282 0.221 100.8 32976 582 1460 22.6 
.3 100 106.6 105.1 146.0 72.3 65 59 124.3 24.0 0.162 0 0489 0.406 13808 43339 600 1565 27.7 
.4 81 106.0 105.1 146.0 7209 66 59 93.8 23.5 0.200 0.388 0.305 135.8 44045 605 1600 27.5 
.5 62 105.2 105.5 146.0 7302 67 56 64.1 23 00 0.264 0 0289 0.208 132.9 43451 59~ 1529 28.4 
.6 43 104.8 106.5 146.0 72.6· 66 51 47.2 22.2 0.320 0.229 0.151 128.7 42152 581 1443 29.2 
'"' -.l 
1.:."1 S Ti TO T s Ll.T ov Cli Cl0 Cvo Wl0 Wvo Xo VIi Vl0 Vvo q Uin h f liT! 
17 98 106.6 106.2 155.0 87.5 65 54 100 84.1 2705 0.246 0.368" 0.271 15807 51395 587 1477 3408 
18 83 106.2 106.5 155.0 87.6 66 52 65.8 28.3 0.300 0.311 0.211 163.5 53250 608 1615 33.0 
19 62 105.6 107.5 155.0 87.2 67 47 42.1 27.2 0.392 0.230 0.133 15708 51579 592 1505 34.3 
20 43 104.9 110.0 155.0 85.6 66 39 28.5 26.1 0.479 0.181 0.089 152.5 49944 583 1452 34.4 
50 wt. % Water in Glycerol 
1 100 109.6 108.0 119.6 19.5 46 45 269.6 7.8 0.028 0.878 0.850 45.3 12988 667 2164 6.0 
:) 83 109.0 107.5 119.4 20.0 47 46 222.0 7.4 0.032 0.727 0.702 43.0 13180 658 2070 6.4 
5 65 108.3 107.3 119.4 . 20.9 47.5 47 174.6 6.9 0.038 0.576 0·553 39.9 12742 610 1660 7.7 
+ 43 107.5 107.2 119.6 22.0 49 47 109.6 6.5 0.056 0.369 0.347 37.6 12046 547 1267 9.5 
;} 99 109.4 107.2 129.4 38.0 47 45 211.9 12.7 0.056 0.713 0.669 74.0 23871 629 1'797 13.3 
:) 81 108.8 107.2 12906 38.9. 49 45 173.0 12.9 0.066 0.590 0.546 71.7 22018 566 1366 16.1 
7 62 108.2 107.5 129.4 38.8 47 44 121.8 11.9 0.089 0.424 0.384 69.5 22357 577 1428 1507 
3 43 107.3 10708 12904 -39.3 48 43 83.7 11.2 0.118 0.302 0.263 65.7 21331 543 1236 17.3 
~ 100 109.7 10805 139.4 5406 48 43 162.2 17.4- 0.097 0.571 0.509 101.6 32029 587 1485 21.6 
10 85 109.0 10805 139.4 55.2 49 43 12606 17.2 0 0119 0.458 0.398 100.1 31969 579 1436 22.3 
11 63 10805 109.1 139.4 55.1 48 40.5 91.4 16.5 0.153 0.343 0.286 96.4 31219 567 1327 22.9 
12 48 107.4 110.1 139.6 5506 49 38 63.6 15.7 0.198 0.253 0.198 9201 30082 542 1225 24.6 
13 96 10906 109.5 149.5 71.9 48 39 107.6 22.4 0 0173 0.413 0.335 13103 42312 588 1485 28.5 
14 81 108.7 109.8 149.4 7202 49 39 85 08 21.9 0.204 0.343 0.267 128.3 41705 577 1418 2904 
15 61 107.8 110.8 149.5 72.4 50 3605 59.5 21.1 0.262 0.257 0.184 123.9 40517 560 1316 30.8 
16 43 10705 11401 149.4 6905 49 30 41.1 19.1 0.318 0.192 0 0126 11303 37060 533 1177 31.5 
17 100 108.6 10906 155.5 83.5 49 37 90 05 25.6 0.221 0.370 0.281 15101 48495 581 1434 33.8 
18 83 10800 110 06 155.5 83.1 50 35 68.0 25.1 0.269 0.298. 0 0210 148.3 47856 576 1404 34.1 
19 63 107.3 113.1 155.3 81.2 51 30 45.5 24.3 0.348 0.224 0.139 144.7 46747 576 1403 33.3 
20 42 106.7 11604 15503 78 08 52 24 33.4 22.4 0.402 0.179 0.101 135 00 43472 552 1269 3403 
RN S Ti To T 6Tov Cli Cl0 Cvo Wl0 W Xo Vli VI0 VVO q Uin h f ~Tf s vo 
30 wt. % Water in Glycerol 
1 98 115.1 114.7 126.0 20.0 29 28 100 _- 237.7 6.9 0.028 0.747 0.-725 40.7 12899 645 1936 6.7 
2 83 114.0 114.5 126.2 21.5 31 29 182.8 6.1 0.033 0.579 0.559 36.4 11991 558 1319 9.1 
3 64 113.8 114.5 125.8 21.0 31 29 136.1 6.2 0.044 0.436 0.416 36.8 12013 573 1405 8.6 ' 
4 44 113.1 115.0 125.9 21.4 30 28 86.8 5.9 0.063 0.284 0.265 34.9 11685 547 1256 9.3 
5 98 115.2 115.0 135.4 36.5 31 28 190.9 11.7 0.058 0.621 0.582 69.2 21735 595 1537 14.1 
6 81 114.4 114.8 135.6 37.9 31.5 29 - , 147.2 11.1 0.070 0.486 0.449 65.6 21347 564 1346 15.9 
7 64 113.2 115.5 135.4 37.9 32 27.5 114.1 10.6 0.085 0.383 0.348 62.6 20721 547 1252. 16.6 
8 42 112.8 116.4 135.4 37.4. 32 26 80.7 9.8 0.108 0.278 0.245 58.1 19280 515 1096 17.6 
9 100 115.5 116.4 145.8 53.7 31 25 149.8 15.8 0.096 0.507 0.454 94.7 30242 563 1332 22.7 
10 81 115.5 117.6 145.8 52.7 29 23 124.0 1404 0.104 0.423 0.375 86.3 27879 530 1158 24.1 
11 64 114.8 119.0 145.9 52.2 30 22 96.7 13.9 0.125 0.338 0.292 83.2 27208 521 1118 24.3 
12 43 114.4 120.3 145.9 51.4 29 20.5 70.2 12.4 0.150 0.252 0.211 74.8 24685 480 946 26.1 
13 100 116.6 120.1 155.7 67.2 29 19 132.7 19.3 0.127 0.464 0.400 116.2 37592 559 1305 28.8 
14 82 11501 119.5 155.6 68.9 30.5 21 103.8 19.0 0.155 0.376 0.313 114.6 37169 539 1201 31 00 
15 66 115.0 121.4 155.4 66.9 30 19 83.8 17.7 0.174 0.310 0.252 107.8 34897 522 1117 31.3 . 
16 53 115.2 123.6 155.5 64.9 29 17 74.3 16.2 0.179 0.277 0.222 99.5 32297 498 1013 31.9 
20 wt. % Water in Glycerol 
1 100 124.4 123.6 135.6 20.9 18 17 291.3 7.4 0.025 0.896 0.873 45.0 13829 662 2063 6.7 
2 86 122.0 120.4 132.8 20.9 20.5 18.5 24701 7.0 0.028 0.766 0.743 42.8 12238 587 1481 8.3 
3 66 120.9 121.4 13108 19.2 20.5 19 205.7 - 5.9 0.028 0.638 0.618 36.0 11392 594 1525 7.5 
4 43 120.0 121.5 131.7 19.7 21 ·19 106.6 5.2 0.046 0.336 0.320 31.2 10573 537 1198 8.8 
5 100 123.8 123.6 142.4 33.7 20 17 235.8 10.0 0.04-1 0.739 0.706 61.1 18787 558 1304 1404 
6 82 123.2 123.6 142.4 34.2 19 17 206.5 9.8 0.046 0.650 0.618 59.9 18941 554 1279 14.8 
7 69 121.6 123.6 142.1 35.1 20.5 17 150.3 9.2 0.058 0.479 0.450 56.4 18572 530 1158 16.0 
8 46 119.9 123.9 142.0 36.2 21 17 99.8 8.7 0.080 0.327 0.299 53.2 17619 487 974 18.1 
9 100 122.9 125.2 155.8 57.2 20 16 184.9 1502 0.076 0.601 0.553 92.7 30041 526 1133 26.5 
10 88 122.6 127.4 155.8 55.5 19 15 139.3 14.1 0.092 0.461 0.416 86.5 28734 518 1098 26.2 
11 6~ 122.; 12i'~ 15~·8 52•1 ~6 14 101.4 12.8 0.112 0.343 0.302 78.5 25967 471 906 28.7 12 4 120. 13 • 1 .9 3.6 12 78.4 12.6 0.134 0.272 0.233 75.3 25329 473 912 27.8 
~ 
:IN S Ti To Ts boTov Cli C10 Cvo W10 Wvo 
10 wt. % Water in Glycerol 
1 98 135.8 139.9 154.7 30.3 12.5 8.5 99 233.1 9.4 
) 81 138.6 133.9 154.8 33.3 10 10 242.1 8.8 
3 63 136.2 137.3 154.7 32.3 11 9 149.2 7.3 
+ 45 133.6 139.2 15407 32.9 11 9 88.4 6.2 
Xo V1i V10 
0.039 0.721 0.691' 
0.035 0.744- 0.718 
0.04·6 0.465 0.44-2 
0.066 0.281 0.262 
V q U. h f boT vo ~n, f 
60.6 19591 646 1879 10.4 
56.2 15157 456 '848 17.9 
46.6 144-87 44-9 
40.0 13266 403 
824 17.6 
682 19.5 
.... 
o 
o 
Gadsdon (Gl) 
5.l1l Isopropyl· Alcohol-Water Results 
N S Ti To. Ts ATov Cll C10 °vo W10 Wvo Xo VIi V10 V q Uin h f D.T vo f 
Water 
96.7 102.9 99.6 153.8 94~6 0 0 0 91.9 42.6 0.317 0.488 Q.333 246.6 80165 848 1278 62.7 
87.4 102.6 99.6 153.5 94.3 83.7 42.6 0.337 0.458 0.303 246.6 80398 852 1289 62.4 
76.9 102.4 99.6 153.5 94.5 74.4 42.6 0.364 0.424 0.269 246.6 80582 853 1290 62.5 
71.7 102.1 99.6 153.5 94.8 69.9 42.6 0.378 0.408 0.025 246.6 80748 852 1288 62.7 
64.4 101.9 99.6 153.5 95.0 .I 23.7 42.6 0.642 0.240 0.086 246.6 81210 855 1296 62.7 
1 96.0 103.8 100.2 147.1 81.2 89.5 41.2 0.315 0.475 . 0.324 239.2 77418 954 1535 50.4 
2 86.0 103.4 100.2 147.2 81.7 83.2 41.8 0.334 0.454 0.301 242.4 78728 963 1561 50.4 
3 76.3 103.1 100.2 147.1 81.8 95.5 43.2 0.312 0.503 0.346 250.8 81504 996 1649 49.4 
4- 66.6 102.8 100.2 147.2 82.3 68.0 42.9 0.387 0.402 0.246 249.1 81336 989 1628 50.0 
5 57.6 102.4 100.2 147.2 82.6 60.8 42.6 ·0.412 0.375 0.220 247.3 80979 980 1605 50.5 
1 99.5 104.1 100.3 141.4 70.6 88.0 39.7 0.311 0.464 0.319 230.4 74438 1055 1816 41.0 
2 85.0 103.5 100.3 141.4 71.1 80.2 40.0 0.333 0.436 0.290 232.0 75318 1059 1829 41.2 
3 76.7 103.2 100.3 141.4 71.4 75.2 40.1 0.348 0.418 0.272 232.9 75786 1062 1837 41.3 
4- 67.3 102.8 100.3 141.4 71.7 73.3 39.9 0.353 0.411 0.265 231.7 75586 1054 1813 41.7 
5 57.1 102.4 100.3 141.4 72.1 67.9 39.6 0.368 0.390 0.246 230.0 75215 1043 1782 42.2 
2 100.0 103.6 100.0 135.1 59.9 103.0 38.5 0.272 0.514 0.373 223.1 72017 1202 2299 31.3 
3 88.1 103.3 100.0 135.1 60.2 96.8 38.5. 0.284 0.491 0.350 223.1 72243 1200 2293 31.5 
4- 79.6 102.8 100.0 134.7 59.9 83.8 39.6 0.321 0.448 0.303 229.8 74813 1248 2476 30.2 
5 69.8 102.4 100.0 134.3 59.6 76.3 38.9 0.338 0.418 0.276 225.7 73716 1237 2433 30.3 
:; 57.5 102.3 100.0 133.9 59.0 74.1 37.1 0.333 0.403 0.268 215.0 70238 1192 2262 31.1 
7 45.8 101.8 100.0 134.3 60.1 55.6 35.4 0.389 0.330 0.201 205.1 67303 1120 2016 33.4 
::> 93.0 103.5 99.9 129.9 50.8 90.8 37.8 0.294 0.467 0.329 219.1 70867 1396 3135 22.6 
3 85.5 103.2 99.9 130.2 51.6 . 89.5 38.7 0.302 0.465 0.324 224.5 72815 1412 3216 22.6 
4- 75.0 102.7 99.9 129.6 50.9 84.0 38.7 0.315 0.445 0.304 224.5 73100 1435 3338 21.9 
5 64.8 102.4 99.9 129.5 51.0 78.4 37.7 0.324 0.421 0.284 218.4 71275 1397 3138 22.7 
:; 54.4 102.2 99.9 129.7 51.6 71.1 35.5 0.333 0.386 0.257 205.7 67211 1303 2703 24.9 
7 44.0 101.6 99.9 129.8 52.3 65.3 35.7 0.353 0.366 0.236 206.8 67859 1298 2679 25.3 
2 100.0 103.8 100.4 124.5 40.3 320.0 22.2 0.065 1.242 1.159 129.0 38441 953 1535 25.1 
5 92.1 103.6 100.4 124.4 40.3 277.5 22.2 0.074 1.088 1.005 129.0 39175 972 1582 24.8 
.... 
0 
.... 
N S T. T T ~Tov Si °10 °vo Vll0 VI Xo Vli Vl0 VVO \ q Uin h f 6Tr ~ 0 s vo 
4- 82.8 103.4 100 04 124.4 40.5 0 0 0 238.0 22.2 0.085 0.944 0~862 12900 39815 983 1613 24.7 
5 7404 103.1 10004 12402 40.4 210.0 22.2 0.096 0.84-3 0.761 129.0 40366 999 1656 2404 
5 60.4 102.9 100.4 124.2 40.6 155.8 21.5 0.121 0.64-3 0.554 124.9 39681 978 1598 24.8 
7 49.5 102.7 100.4 124.2 40.8 121.8 21.3 0.149 0.519 0.441 123.4 39611 972 1582 25.0 
8 39.0 102.5 100.4 124.5 41.5 92.7 20.3 0.180 0.410 0.336 118.0 38155 920 1449 25.3 
9 31.3 102.3 100.4 124.5 41.7 79.9 19.9 0.199 0.362· 0.289 115.6 37520 900 1402 26.8 
0 22.4 101.9 100.4 124.5 42.0 74.0 1906 0.209 0.339 0.268 113.6 37025 881 1355 27.3 
1 14.2 101.6 100.4 124.3 41.9 4306 20.6 0.321 0.233 0.158 11907 39268 936 1491 26.3 
4- 94.0 103.5 100.5 118.5 29.7 411-9.0 16.5 0.036 1.690 1.626 96.0 26698 899 1398 19.1 
5 87.2 103.3 100.5 118.5 2909 403.0 16.7 0.040 1.523 1.460 96.7 .27742 929 1471 18.9 
5 81.0 102.6 100.5 118.4 30.3 353.0 16.4 0.044 1.340 1.278 95.3 28695 946 1516 18.9 
7 73.1 102.4 100.5 118.5 30.7 310.5 15.6 0.048 1.183 Ip125 90.5 27681 902 1406 19.7 
8 63.8 102.1 100.5 118.7 31.3 240.6 15.0 0.059 0.927 0.871 87.3 27381 874 1339 20.4 
9 49.6 101.6 100.5 118.5 31.4 155.7 14.2 0.084 0.616 0.564 82.5 26585 864 1275 20.9 
0 41.1 101.4 100.5 11805 31.6 118.0 13.8 0.105 0.478 0.427 80.2 26081 826 1229 21. 2 
1 31.1 101.3 100.5 118.5 31.7 . 86.8 11.9 0.121 0.358 0.314 69.3 22596 713 995 22.7 
2 22.7 101.3 100.5 118.5 31.7 75~0 10.3 0.121 0.309 0.272 60 01 19601 619 820 23.9 
5 9708 103.7 100.4 112.5 18.8 517.0 9.6 0.018 1.912 1.872 55.5 12098 643 864 14.0 
5 88.0 103.4 100.4 112.5 19.1 492.0 7.0 0.014 1.811 . 1. 782 40.8 8124 426 513 15.9 
7 7609 103.0 100.4 11205 19.4 429.0 .' 7.6 0.017 1.584 1.554 43.9 10421 536 681 15.3 
8 67.5 102.7 100.4 112.5 19.7 358.0 8.2 0.022 1.328 1.296 47.7 12729 6'+6 869 14.7 
9 62.0 102.5 100.4 112.5 19.9 299.0 9.6 0.031 1.119 10083 55.5 16008 805 1183 13.5 
0 52.5 102.2 100.4 112.5 20.2 229.0 8.l 0.035 0.860 0.829 47.7 14219 705 980 14.5 
1 45.7 10200 100.4 112.5 20.3 183.0 7.6 0.040 0.691 . 0.663 43.9 13418 660 894 15.0 
2 36.4 101.7 100.4 11205 20.6 12803 700 0.052 0.491 0.465 40.9 12873 625 831 15.5 
3 23.4 101.2 100.4 112.5 21.1 79.0 6.8 0.079 0.311 0.286 39.3 12730 605 796 16.0 
4- 15.3 101.2 100.4 112.5 21.1 68.0 6.6 0.088 0.270 0.246 38.1 12388 588 768 16.1 
10 wt. % Isopropyl Alcohol 
5A 11100 9204 94.6 12i.4 50.2 10 4.0 47.5 195.0 31.4 0.139 0.825 0.704 122.7 46011 916 1441 31.S 
7A 99.0 92.2 95.1 12106 50.3 3.0 42.8 174.0 29.6 0.145 0.742 0.627 121.5 46243 919 1449 31.S 
I.J 
0 
'" 
S Ti To Ts /::; Tov % °10 °vo 1,1 . 10' Wvo Xo Vli Vl0 VVO q Uin h f /::; T r 
lA 87.7 92.1 95.5 122.0 50.8 10 2.5 41.5 153.2 29.2 0.160 0.665 0.552 121.6 46072 908 1420 32.4 
lA 76.4 91.8 95.7 121.5 50.0 2.5 40.5 138.2 27.1 0.164 0.603- 0.498 114.0 42987 861 1308 32.9 
lA 65.4 91.5 96.2 122.3 51.2 2.0 37.8 117.0 26.2 0.183 0.522 0.421 113.3 42131 823 1223 34.5 
.A 52.5 91.0 96.5 122.0 50.9 2.0 35.0 97.8 24.1 0.198 0.444 0.352 107.1 39356 774 1118 35.2 
~A 38.0 90.9 97.3 122.3 50.8 1.8 31.0 78.7 21.6 0.215 0.366 0.283 99.7 36191 713 995 36.4 
iA 20.3 90.3 98.0 122.6 51.2 1.4 25.0 75.2 19.0 0.202 0.343 0.270 92.6 34133 667 907 37.6 
,A 92.8 91.3 95.8 127.3 60.8 2.0 36.0 122.2 32.6 0.211 0.564 0.439 143.2 52294 861 1309 40.0 
,A 80.6 91.1 96.2 127.5 60.9 1.9 34.0 103.8 31.5 0.233 0.493 0.373 141.1 50815 834 1248 40.7 
'A 67.6 90.9 96.6 12700 59.9 1.6 31.8 90.2 29.4 0.246 0.436 0.324 134.5 48261 806 1187 40.7 
lA 49.6 90.5 97.2 12703 60.2 1.5 27.2 80.4- 27.4 0.254 0.393 0.289 130.8 46781 777 1124 41.6 
lA 37.1 90.2 97.6 127.3 60.1 1.0 24.0 75.0 26.2 0.259 0.369 0;269 128.4 46082 767 1103 41.8 
'A 90.3 91.8 9701 133.1 69.6 1.5 30.0 95.2 35.2 0.270 0.475 0.342 163.7 58237 837 1255 46.4 
iA 73.4 91.3 9705 133.1 69.7 1.2 26.5 82.3 33.4 0.288 0.422 0.296 160.3 56663 813 1202 47.1 
-A ·60.1 91.3 97.8 133.2 69.6 1.0 . 24.2 75.0 32.5 0.302 0.392 0.269 159.2 56155 807 1189 47.2 
iA 46.1 91.2 98.3 133.4 69.6 1.0 20.8 ·68.0 31.0 0.313 0.361 0.244 156.6 55083 792 1156 47.7 
lA 98.0 91'.9 97.6 139.1 79.8 1.2 24.0 83.8 39.8 0.322 0.451 0.301 195.4 68405 857 1300 52.6 
lA 87.0 91.5 97.8 139.1 80.0 1.1 22.5 80.4 _ 38.7 0.325 0.434 .0.289 192.5 67539 844 1271 53.6 
.A 72.0 91.3 98.1 139.5 80.6 1.0 20.5 75.0 38.0 0.336 0.412 0.269 192.4 67242 834 1248 53.9 
'A 64.8 91.3 98.3 139.5 80.5 0.9 18.2 68.0 36.9 0.352 0.382 0.244 190.4 66428 826 1229 54.0 
'A 91.4 91.9 9800 141~.4 89.0 1.0 20.8 76.2 42.4 0.358 0.432 0.274 214.0 74475 837 1254 59.4 
lA 80.0 91.8 98.3 144.4 88.8 0.8 18.8 70.8 41.0 0.367 0~408 0 0254 210.5 73224 824 1226 59.7 
iA 89.2 91.5 92.8 113.9 39.2 4.0 47.5 211.5 24.4 0.103 0.860 0.763 94.9 37819 966 1569 2401 
-A 77.6 91.4 93.2 114.1 39.2 3.5 46.5 192.8 23.0 0.107 0.787 0.696 90 05 36510 930 1477 24.7 
iA 69.4 91.4 9307 114.7 39.9 3.5 4L~.8 164.8 22.0 0 0118 0.681 0.595 88.2 34795 873 1337 26.0 
iA 58.0 91.1 94.2 114.4 39.2 3.0 42.8 134.6 20.4 0.132 0.565 0.485· 83.5 32451 829 1237 26.2 
'A 44.0 90.1 95.1 114.4 39.2 2.0 37.2 92.5 17.3 0.158 0.400 0.333 75.0 28684 731 1031 27.8 
lA 93.0 90.8 9H7 109.1 32.1 5.3 53.5 234.5 20.8 0.082 0.931 0.848 75.5 30314 944 1510 20.1 
.A 80.6 90.7 92.3 109.1 31.7 4.6 49.0 208.0 19.4 0.085 0.829 0.752 74.1 30126 951 1529 19.7 
'A .70.5 90.4 92.4 109.2 32.0 4.4 50.5 178.2 18.7 0.095 0.718 0.644 70.3 28286 883 1361 20.8 
Ut 59.1 90.1 92.9 109.2 31.9 4.0 49.0 143.2 17.1 0.107 0.584 0.517 65.5 25930 814 1203 21.6 
.... 
0 
VI 
S T. To T ATov Si C10 Cvo W10 W Xo Vli V10 Vvo q U .. h f t.T ~ s vo ~n r-
eA 47.2 90.0' 93.5 109.1 3102 10 3.8 46.0 115.2 15.4 0.118 0.4-76 0;416 60.9 23590 755 1080 21.9 
iA 35.0 89.8 94.5 109.1 30.5 3.3 42.5 81.2 13.4 0.142 0.345 0.293 55.1 20936 . 686 944 22.2 
iA 23.3 89.2 95.8 109.2 3001 2.3 36.5 74.4 10.9 0.128 0.311 0.268 . 47.7 18788 625 832 22.6 
20 ''It. % Isopropyl Alcohol 
l 104.0 88 02 87.2 105.4- 31.9 20 12.0 69.0 254.0 28.1 0.100 10049 0 0930 8303 33108 1039 1771 1807 
l 95.4- 87.9 87.5 10505 3200 12.0 6900 206.5 27.6 0.118 0.871 0.756 81.9 31498 983 1614 19.5 
l 80.8 87.4 8706 105.5 32.4 11.0' 67.5 170.0 25.8 0.132 0.728 0.622 78.1 30182 932 1480 20.4 
I 68.9 86 07 87.7 105.5 32.9 10.5 66.0 165.8 24.0 0.126 0.706 0.606 7401 29139 885 1365 21.11-
I 53.0 86.8 88.8 105.8 32.4 8.8 64.5 125.8 21.9 0.148 0.549 0.458 69.2 27598 852 1288 21.4 
l 3902 86.2 90.6 105.8 31.3 6.5 59.0 91.5 19.3 0.174 0.412 0.332 65.6 26245 838 1257 20.9 
I 28.4 86.0 91.8 105.4- 29.7 6.0 55.8 84.1 17.2 0.170 0 0377 0.304 60.9 24704 832 1243 19.9 
I 93.0 87.8 88.7 110.0 3902 805 65.5 168.0 31.8 0.159 0.743.00611 99.2 39322 1004 1672 23.5 
)B 80.5 8705 89 00 110.1 39.3 8.0 64.4 147.2 30.5 0.172 0.661 0 0535 96.5 37970 965 1567 24.2 
.B 65.6 87.1 89.6 110.1 39.2 7.5 63.5 131.8 28.4 0.177 0.596 0.479 91.1 35780 914 1436 24.9 
~B 54.6 8609 90.1 110.1 3809 6.9 61.5 118.0 26.7 0 0185 0.538 0 0428 8709 34682 892 1383 25.1 
lE 43.2 8606 90.7 110.1 38.6 . 6.2 60.0 103.2 2502 0.196 0.478 0.374 84.6 33261 862 1310 25.4-
m 33.3 86.3 91.5 110.1 38.2 5.4 56.2 91.5 22.4 0.197 0.424 0.331 78.9 31426 824 1225 25.7 
iB 16.8 86.0 93.7 110.1 36.5 3.8 46.0 79.5 19.1 0.194 0.367 .0.287 75.6 30442 835 1251 24.3 
iB 12.7 85.9 9405 110.1 36.6 3.2 43.5 71.6 17.8 0 0199 0.333 0.258 7204 29261 799 1171 25.0 
IB 6.5 86.0 9503 110.1 35.0 2.8 4005 65.7 15.9 0 0195 0.304 0.237 66.8 27151 776 1121 2402 
IB 96.2 88.1 90.9 118.2 51.7 6.1J- 61 00 142.2 35.7 0.201 0.662 0.515 118.5 46377 898 1396 33.2 
)B 83.3 87.8 91.4 118.3 5107 6.0 59.2 127.8 34.5 0.213 0.60'+ 0.463 117.2 45512 881 1356 33.6 
>B 68.2 87.4 92.0 118.5 51.8 5.4- 57.0 112.2 33.0 0.227 0.5400.406 115.3 44531 859 1305 34.1 
.B 56.4 87.1 92.6 11806 51.8 5.0 55 00 103.1 30.8 0.230 0 0498 0.373 110.3 42584 823 1223 34.8 
~B 42.5 86.8 9303 11805 51.2 402 50.6 91.7 28.1 0.235 0 0446 0.331 105.8 40960 800 1173 34.9 
iB 3106 8603 9402 118.6 51.0 3.2 47.0 84.9 2506 0.232 0.411 0.306 100.4 39410 772 1115 35.4 
m 20.1 86.1 94.4 11806 51.0 3.0 44.0 7801 2301 0.228 0.377 0.281 9305 36798 721 1011 36.4 
iB 10.2 86.0 94.6 118.5 50.8 2.8 41.0 73.2 20.6 0.220 0.349 0.264 86.0 34158 673 919 37.2 
iB 99.5 8709 91.6 124.0 61.7 4.5 57.0 140.2 40.3 0.223 0.671 0.507 140.6 55125 894 1388 3907 
IB 81.5 87.2 9203 124.0 61.7 4.4 54.2 119.8 37.8 0.240 0.586 0.433 136.4 52573 853 1290 40.7 
.... 
0 
"'" 
If S Ti TO Ts t.TOV Si °10 °vo Wl0 Wvo Xo Vli Vl0 Vvo q Uin h f ll. Tf 
3B 70.0 86.8 92.7 124-.1 61.8 20 4-.0 53.0 106.8 36.2 0.253 0.532 0.385 132.6 50877 823 1223 4-1.6 
:lB 59.1 86.5 93.1 124-.5 62.5 4-.0 51.0 98.5 34-.3 0.258 0.4-94- 0.355 128.6 4-9111 786 114-4- 4-2.9 
)B 4-8.0 86.0 94-.5 124-.5 61.7 3.0 4-3.0 87.2 31.3 0.264- 0.4-4-1 0.314- 128.0 4-8992 795 1162 4-2.2 
LB 35.5 86.1 95.8 124-.5 60.4- 2.2 38.0 77.5 28.8 0.271 0.395 0.279 124-.1 4-7351 784- 1139 4-1.6 
+B 86.0 87.0 94-.7 130.1 70.7 18.8 4-3.5 92.6 39.6 0.300 0.4-92 0.334- 161.3 60373 855 1295 4-6.6 
5B 74-.4- 87.3 95.2 130.1 69.9 ' 18.8 4-0.2 89.4- 39.0 0.304- 0·4-78 0.322 164-.3 61533 880 1354- 4-5.5 
:iB 61.0 87.0 96.1 130.1 69.4- 18.8 39.0 83.7 37.0 0.307 0.4-4-9 0.302 158.1 59096 852 1288 4-5.9 
7B 50.5 86.6 96.4- 130.1 69.5 18.8 34-.5 74-.4- 35.3 0.322 0.4-08 0.268 157.5 58265 839 1258 4-6.3 
~B 90.0 87.2 94-.3 135.0 79.7 3.0 4-5.0 91.1 4-2.5 0.318 0.4-97 0.328 170.3 .63179 793 1159 54-.5 
;,B 77.6 87.1 94-.7 135.0 79.4- 3.0 4-3~5 85.4- 4-1.2 0.325 0.4-71 0.308 167.8 62011 781 1133 54-.7 
m 69.4- 87.1 95.4- 135.0 78.8 3.0 4-1.0 82.4- 39.6 0.325 0.4-54- 0.297 165.6 61115 776 1123 54-.4-
5B 55.3 86.7 96.1 135.0 78.5 2.8 37.2 75.2 37.5 0.333 0.4-19 0.271 163.0 59968 764- 1098 54-.6 
LB 90.8 86.7 95.8 14-1.2 89.9 1.6 32.5 82.6 4-7.5 0.365 0.4-84- 0.318 215.5 78881 877 134-8 58.5 
~B 78.6 86.4- 95.8 14-1.1 90.0 1.3 29.0 80.4- . 4-5.0 0.359 0.4-67 0.306 210.6 774-67 861 1309 59.2 
3B 65.1 86.2 96.0 14-1.4- 90.5 1.3 26.0 69.3 4-3.7 0.387 0.4-20 0.262 210.1 764-88 84-5 1272 60.1 
30 wt. % Isopropyl Alcohol 
, 110.0 83.1 85.3 103.7 35.1 30 15.0 67.5 137.3 38.8 0.221 0.673 ·0.506 116.8 4-3589 124-2 24-54- 17.8 J 
, 96.7 82.7 85.6 104-.0 35.7 14-.8 67.2 124-.0 37.4- 0.232 0.616 0.4-57 113.1 4-204-3 1177 2212 19.0 J 
, 86.0 82.4- 85.9 104-.0 35.7 14-.0 67.0 115.1 36.2 Cl. 239 0.578 0.4-24- 109.7 4-0813 114-2 2093 19.5 J 
, 70.9 82.8 87.1 104-.8 35.7 11.5 63.6 103.7 35.5 0.255 0.532 0.379 112.9 4-2774- 1197 2285 18.7 J , 60.0 82.5 87.3 104-.9 36.0 10.5 63.6 93.4- 33.6 0.265 0.4-85 . 0.34-1 107.0 4-04-65 1124- 2033 19.9 J , 4-8.2 81.0 87.0 104-.9 37.6 11.5 64-.2 88.1 29.2 0.24-9 0.4-4-8 0.322 92.0 35004- 931 14-77 23.7 J 
, 34-.8 80.6 87.2 105.1 38.2 10.3 63.8 80.6 25.5 0.24-0 0.4-05 0.294- 80.8 31034- 813 1202 25.8 J 
, 29.6 80.6 88.2 104-.8 36.7 8.1 60.2 81.4- 23.3 0.225 0.396 0.292 77.6 31167 84-9 1281 24-.3 J 
, 19.3 80.4- i 89.8 104.9 35.6 5.4- 56.8 75.6 19.9 0.209 0.365 0.274 69.4- 28423 798 1168 24.3 J 
lC 93.4- . 81.6 86.0 107.7 43.0 12.5 66.0 106.6 39.0 0.268 0.556 0.391 120.0 43543 1012 1694 25.7 
2C 38.2 80.8 89.2 107.9 41.2 7.5 58.8 80.5 29.0 0.265 0.418 0.292 98.3 38284 929 1473 26.0 
3C 61.9 81.3 87.1 108.2 43~0 10.4 63.5· 89.7 35.3 0.282 0.477 0.327 112.3 42111 979 1603 26.3 
+C 79.0 81.5 86.6 108'.0 43.1 11.6 64.0 104.4 37.7 0.265 0.543 0.382 119.14-4-919 1042 1779 25.3 
~ 
V1 
'~ S T. 
.~ To Ts ~Tov °ll °10 °vo 1(1 . ·10· 1(1 vo Xo V1i V10 Vvo q Uin h f ~Tf 
50 69.8 81.1 86.9 107.9 43.0 30 11.8 63.5 99.3 36.6 0.269 0.519 0.364 116.5 436141014 1699 25.7 
~c 49.0 81.0 88.1 108.0 42.2 905 61.5 86.9 32.5 0 0272 0.456 0 0318 106.5 40548 961 1555 26.9 
70 21.2 79.9 90.3 108.1 41.4 5.8 54.8 73.0 23.8 0.246 0.370 0.264 84.7 34170 825 1229 27.8 
30 90.1 82.9 86.'8 115.4 55.0 1204 64.4 116.9 38.8 0.249 0.595 0.428 122.0 45881 834 1249 36.7 )0 76.1 82.7 87.3 115.2 54.4 10.4 63.2 10500 37.2 0.261 0.543 0.383 11809 45045 829 1236 36.5 
LO 66.8 8205 8801 11505 54.4 10.0. 62.2 96.7 34.5 0.263 0.501 0.352 111.8 42656 785 1141 37.4 
~O 54.4 82.2 88.7 11507 54.3 9.0 61.2 88.2 3209 0.276 0.462 0.321 108.2 41352 762 1093 37.8 
30 44.4 82 00 89.3 115.7 54.1 7.8 59.2 82.6 31.2 0.274 0.434 0.300 105.3 40721 753 1075 37.9 
+0 30.6 81.6 90.9 115.4 52.5 6.1 54.0 72.8 27.0 0 0271 0.381 0.264 99.438271 729 1027 37.3 
70 9l'.4 82.1 88.0 120.2 63.3 9.9 61.2 102.7 40.2 0.281 0.546 0.374 13201 50074 791 1155 43.4 
30 81.1 81.8 88.5 120.3 6303 8.6 60.2 95.7 3804 0.287 0.512 0~348 128.0 48643 769 1107 43.9 
30 67.1 8105 8903 120.6 63.4 7.5 59.0 88.2 36.0 0.290 0.474 0.320 122.0 46680 737 1042 44.8 )0 54.1 8102 90.2 120.4 62.5 6.5 56.8 82.3 34.4 0.295 0.445 0.298 119.7 46076 738 1044 44.1 
LO' 42.7 8102 90.5 120.4 62.3 6.2 55.2 77.9 32.9 0.297 0 0423 00282 116.7 44909 721 1011 44.4 
20 30.8 80.9 91.3 120.3 61.6 5.0 52.0 72.4 30.2 0.294 0.392 0.262 111.4 43399 705 98044.3 
30 83.1 81.8 92.0 133.2 83.3 4.5 50.0 77.8 46.1 0.372 0.473 0.281 17400 65066 781 1132 57.5 
+0 94.5 82.2 91.6 13303 83.5 5.0 52.3 82.9 48.4 0.369 0 0501 0.300 17801 66662 798 1169 57 00 
50 6901 81 06 92.7 133.1 82.8 4 00 47 00 7201 43.5 0 0376 0.441 '0 0260 170.0 63699 769 1109 57.5 
LO 87 00 8209 93.0 13808 91.5 3.6 47.2 80 04 48.7 0.377 0.493 0.290 19001 71251 778 1128 63.2 
20 7400 8207 93.8 138.5 90.5 303 43.4 72.8 47.2 00393 0.458 0.262 191.9 71519 791 1153 62.0 
30 92.5 82.4 82.4 145.1 102.7 3.9 45.7 75.3 53.0 0.413 0.490 0.272 210.3 77431 754 1077 71. 9 
39 wt. % Isopropyl Alcohol 
D 108.0 85.3 . 83.4 102.1 32.0 39 31.0 75.0 153.9 2901 0.159 0.720 0.591 7804 27474 860 1307 21.0 
D 89.0 8409 83 06 102.3 32.5 27.0 74.0 115.729.0 0 0200 0 0570 0 0439 79.3 28227 869 1327 21.3 
D 77.6 8406 83.6 10202 32.6 27.0 72.0 103.5 28.8 0.218 0.521 0.392 81.1 28729 882 1358 21.2 
D 62.0 84.2 8307 102.2 32.9 26.0 72 00 91.4 27.6 0.232 0.468 0.346 77.7 27605 840 1262 21.9 
D 100.6 84.6 83.8 11108 4907 26.0 72.0 101.6 38.3 0.274 0.551 0.385 107.9 37908 763 1096 34.6 )D 89.6 8404 84.1 112.1 50.1 23.0 72.0 92.2 38.0 0.292 0.513 0.346 107.1 37839 755 1079 35.1 
7D 92.3 83.9 84.5 11708 6005 19.0 70.0 8802 44.5 0.335 0 0522 0.328 129.2 46114 763 1094 4201 
.... 
0 
a-
:~ s T. To Ts t.T Si C10 Cvo Vl10 Vivo Xo V1i V10 Vvo q Uin h f 6Tf ~ ov 
3D 77.8 83.5 84.7 118.1 61.2 39 18.0 70.0 80.7 42.4 0.344 0.485 0~299 123.1 43998 719 1007 43.7 
5D 96.0 83.8 85.9 124.1 70.7 14.'0 67.0 80.0 50.0 0.385 0.512 0.294 151.7 54887 777 1124 48.8 
70 wt. % Isopropyl Alcohol 
" 106.7 83.8 80.9 100.5 32.7 70 65.0 82.0 125.4 30.0 0.193 0.670 0·532 72.0 24526 751 1070 22.9 :r 
77 wt. % Isopropyl Alcohol 
f1 110.0 83.3 80·3 103.4 . 38.9 77 73.0· 82.0 142.7 27.8 0.163 0·753 0.620 .66.6 23172 596 781 29.7 
:i 86.0 82.5 80.4 103.7 40.1 73.0 84.0 106.3 26.7 0.201 0.588 0.462 61.9 21341 533 676 31.6 
:i 88.1 82.9 81.0 110.2 50.9 72.0 84.0 122.2 28.1 0.187 0.664 0.529 64.2 22501 443 537 41.9 
87 wt. % Isopropyl Alcohol-Azeotrope , 
I 110.0 82.7 80.5 105.6 43.2 87 87 87 133.1 33.2 0.200 0.780 0~624 73.1 24649 571 738 33.4 
I 89.5 82.5 80.5 105.8 43.7 102.7 33.2 0.244 0.637 0.481 73.0 24627 . 563 726 34.0 
I 75.5 82.3 80.5 105.8 44.0 87.1 33.0 0.275 0.563 0.408 72.5 24471 557 715 34.2 
I 101.1 82.9 80.6 110.0 50~9 99.0 39.0 0.283 0.646 0.464 85.7 28915 568 734 39.4 
71 98.9 82.6 80.4 116.5 63.1 84.5 47.2 0.358 0.617 0.396 103.7 34985 555 711 49.2 
Isopropyl Alcohol 
:\: 105.5 85.2 82.5 105.3 41.0 100 100 100 112.4 39.8 0.262 0.726 0.536 67.4 22689 553 708 32.0 
:\: 91.4 84.6 82.5 105.5 39.5 89.1 39.8 0.309 0.615 0.425 67.4 22689 574 744 30.5 
:\: 79.9 84.4 82.5 105.3 39.3 79.9 39.7 0.332 0.570 0.381 67.3 22632 575 746 30.3 
7K 97.9 84.2 82.2 117.8 62.3 67.8 55.4 0.450 0.588 0.323 93.9 31582 507 635 49.7 
Denning (D2) 
I 5.1C Normal Propyl Alcohol-Water Results 
RN S T. T T· 6T
ov Cli Clo C Wl0 W X Vli Vl0 V q Uin h f . 6Tf ~ 0 s vo vo 0 vo 
Water 
4-8 97.4 102.7 99.8 114.7 24.2 0.0 0.0 0.0 452.9 11.1 0.024 1.683 1.639 64.4 16495 681· 934 17.7 
4-9 79.4 101.4 99.8 113.7 23.6 . 348.1 9.3 0.026 1.295 1.260 53.9 15814 671 914 17.3 
50 62.4 101.0 99.8 113.6 23.7 249.7 7.9 0.031 0.933 0.904 45.8 14067 592 774 18.2 
51 38.7 99.7 99.8 115.0 27.4 109.4 7.7 0.066 0.424 0.396 4Le.7 14834 540 688 21.6 
54 97.8 102.2 99.8 122.5 38.7 310.2 16.4 0.050 1.184 1.123 95.1 28692 741 1051 27.3 
55 80.6 101.4 99.8 122.3 39.0 249.5 15.3 0.058 0.960 0.903 88.7 27871 714 996 28.0 
56 62.4 100.5 99.9 122.0 39.3 172.0 14.8 0.079 0.676 0.623 85.9 28025 714 997 28.1 
57 38.7 99.5 99.9 122.0 40.2 86.9 14.2 0.141 0.366 0.315 82.4 27420 683 937 29.2 
60 97.8 102.6 100.0 134.0 58.9 143.6 27.7 0.162 0.621 0.520 160.7 51600 877 1345 38.4 
61 79.0 102.0 100.0 134.0 ·59.4 109.9 27.6 0.201 0.499 0.398 160.2 52020 876 1342 38.7 
62 58.6 101.4 99.9 134.0 60.0 73.9 27.6 0.272 0.368 0.268 160.1 52466 874 1339 39.2 
63 37.3 100.8 99.9 133.8 60.2 34.9 27.4 0.440 0.226 0.126 158.9 52427 871 1331 39.4 
66 95.3 102.2 99.4 145.4 80.3 67.0 38.9 0.367 0.384 0.242 225.4 73697 918 1445 51.0' 
67 79.2 101.8 99.4 145.0 79.9 46.6 38.8 0.454 0.310 0.169 224.8 73834 924 1460 50.6 
68 59.7 101.1 99.4 145.4 81.3 33.1 37.6 0.532 0.256 0.120 217.8 71831 884 1362 52.7 
72 94.5 102.7 100.1 151.3 89.9 47.3 43.4 0.478 0.329 0.171 251.9 82494 918 1446 57.0 
73 79.4 102.5 100.0 151.7 90.8 32.1 43.1 0.573 0.273 0.116 250.1 82100 904 1411 58.2 
78 97.4 102.6 99~9 159.0 104.0 28.7 48.0 0.626 0.278 0.104 278.5 91453 880 1352 67.6 
84 99.5 103.1 100.0 111.3 17.5 507.6 8.7 0.017 1.882 1.838 50.4 10967 625 831 13.2 
85 79.2 101.9 100.1 111.3 18.6 381.1 7.0 0.018 1.407 . 1.380 40.6 10934 590 770 14.2 
86 60.1 101.1 100.0 111.3 19.3 237.5 6.0 0.025 0.882 0.860 34.8 10562 546 697 15.2 
87 41.3 100.4 100.0 111.4 20.2 98.1 5.2 0.050 0.374 0.355 30.2 . 9838 488 605 16.3 
90 97.4 103.5 100.0 113.2 20.6 452.3 10.0 0.022 1.678 1.637 58.0 13400 650 877 15.3 
91 79.2 101.6 100.0 113.3 22.5 368.5 8.4 0.022 1.366 1.334 48.7 13967 621 824 17.0 
92 61.8 102.1 100.0 113.3 22.0 248.2 7.9 0.031 0.929 0.899 45.8 13243 601 789 16.8 
93 38.7 102.2 100.0 113.3 22.0 120.4 7.0 0.055 0.462 0.436 40.6 12438 566 731 17.0 
..... 
0 (I) 
RN S T. T T ~Tov °li °10 ° W10 W X VIi Vl0 Vvo q U. h f !::'Tf ~ 0 s vo vo 0 ~n 
34 21.4 101.8 100.0 113.3 22.3 .0.0 0.0 0.0 54.1 7.2 0.117 0.222 0.196 41.8 13432 601 791 "17.0 
36 98.8 103.8 100.2 134.6 58~7 123.3 27.2 0.181 0.546 0.446 157.9 50282 857 1299 38.7 
n 76.2 103.4 100.2 134.7 59.2 98.9 27.4 0.217 0.458 0.358 159.1 51160 864 1315 38.9 
38 60.7 102.8 100.2 134.2 58.9' 72.3 26.8 0.271 0.360 0.262 155.6 50533 859 1303 38.8 
39 39.8 102.2 100.2 134.7 60.3 31.8 27.5 0.464 0.215 0.115 159.7 52376 869 1326 39.5 )2 97.8 103.4 100.3 151.5 89.4 40.4 44.4 0.524 0.308 0.146 257.8 84298 943 1509 55.9 )3 78.3 103.1 100.3 151.2 89.1 24.3 42.7 0.637 0.243 0.088 248.0 81304 913 1431 56.8 
7 wt. % Normal Propyl Alcohol 
25 97.0 95.4 95.0 117.1 39.4 8.1 3.4 40.9 162.1 21.5 0.117 0.671 0.586 90.0 34120 866 1320 25.9 
)~ 
_0 79.4 95.1 95.5 116.7 38.6 7.7 2.9 38.3 127.0 . 20.7 0.140 0.539 0.458 88.9 32931 854 1293 25.5 
27 59.3 94.5 95.9 116.9 39.1 7.6 2.6 36.4 105.1 18.2 0.148 0.450 0.379 79.9 29705 761 1090 27.3 
28 39.4 94.3 96.5 117.0 38.9 7.6 2.3 32.2 80.4 16.7 0.172 0.354 0.290 76.0 27810 715 1000 27.8 
31 98.2 96.1 96.8 125.5 52.3 7.3 2.0 31.0 124.4 26.2 0.174 0.549 0.448 120.7 44052 842 1267 34.8 
32 78.5 95.5 97.2 125.3 52.0 7.0 1.8 28.5 100.2 24.4 0.196 0.454 0.361 115.1 41165 791 1155 35.7 
53 60.5 95.2 97.6 125.6 52.6 7.1 1.6 25.2 74.0 23.2 0.238 0.354 0.266 112.5 39827 757 1083 36.8 
36 96.5 95.8 98.3 136.2 70.2 7.4 1.0 18.7 58.2 35.0 0.376 0.340· 0.209 180.0 61730 875 1343 46.0 
57 98.2 97.6 95.8 108.4 21.1 4.5 2.6 37.6 251.6 11.5 0.044 0.953 0.907 49.8 19936 945 1513 13.2 
58 80.6 97.6 96.1 108.5 21.0 4.2 2.5 37.2 202.7 10.8 0.051 0.773 0.731 47.0 17838 851 1286 13.9 
59 60.3 97.8 96.6 108.1 19.6 4.0 2.4 33.9 148.9 9.8 0.062 0.574 0.536 44.2 15891 810 1195 13.3 
30 39.6 97.5 97.2 108.4 19.9 4.0 2.1 30.4 96.4 8.4 0.080 0.379 0.347 39.1 12148 609 804 15.1 
31 19.3 97.4 97.9 108.5 19.5 3.8 1.5 24.5 53.5 7.3 0.120 0.220 0.192 35.8 12547 642 863 14.5 
20 wt. % Normal Propyl Alcohol 
32 98.2 92.7 89.9 106.5 27.4 18.7 13.6 61.7 181.2 20.5 0.102 0.755 0~670 67.2 24767 904 1412 17.5 
33 79.8 92.3 90.1 106.5 27.5 18.4 12.5 62.2 144.0 19.5 0.119 0.611 0.531 63.5 23141 840 1262 18.3 
34 59·5 91.7 90.5 106.5 27.7 18.2 11.4 60.8 108.2 18.2 0.144 0.472 0.398 60.4 21770 785 1140 19.1 
35 39.4 91.2 91.2 106.5 27.5 18.4 9.5 58.8 75.1 16.5 0.180 0.343 0.275 56.3 20660 750 1069 19.3 
37 98.8 92.5 91.1 115.0 41.8 19.1 9.7 58.4 126.9 28.8 0.185 0.584 0.465 98.6 36323 8u9 1328 27.4 
38 80.8 92.3 91.5 115.0 4·1.6 19.1 9.0 57.4 104.3 28.4 0.214 0.498 0.382 98.6 35936 863 1315 27.3 
39 59.5 91.7 92.1 115.0 41.6 19.6 7.6 54.5 ·80.0 25.4 0.241 0.395 0.292 91.4 33503 806 1186 28.3 
.... 
0 
'" 
RN S T. To T!3 l1T Cli Cl0 Cyo Wl0 W Xo Vli Vl0 VyO q U. h f llTf ~ Oy YO ~n 
72 98.2 92.5 93.4 123.1 54.3 19.1 5.8 4905 85.6 35.2 0.291 0.453 0.311 134.1 48804 899 1399 3409 
73 79.4 92.3 94 00 123.5 54.6 1901 409 4702 70.1 34.2 0.328 0.391 0.255 133.7 48354 885 1366 35.4 
30 wt. % Normal Propyl Alcohol 
37 9808 9108 90.8 122.0 55.3 2907 12 00 59.0 6802 41.0 0 0375 0.420 0.251 139.3 49465 895 1390 35.6 
22 9702 9201 8905 113.1 40.2 29.9 1807 64.5 9709 31.7 0.245 0.499 0.366 100.3 35228 877 1346 26.2 
23 79 08 91.4 89.7 113.3 40.9 30.0 17.0 64.6 75.3 3007 0.290 0.408 0.280 9702 34110 835 1250 27.3 
27 98.0 9107 88.4 105.2 2703 2909 23.3 66.3 122.1 22.3 0.155 0.556 0.461 68.9 24022 880 1353 17.8 
28 7902 9100 88.5 105.2 27.9 29.9 22.4 66.7 101.0 21.6 0.176 0 0472 0.381 66.3 23161 832 1242 1806 
29 5909 90 04 88.6 105.1 28.1 30.0 20 01 65.8 7502 21.2 0.220 0.371 0.282 65.9 23130 822 1222 18.9 
45 wt. % Normal Propyl Alcohol 
32 100.3 9102 8801 10406 27.0 4308 40 04 67.7 14309 1909 0 0121 0.653 0 0567 60 01 20736 769 1108 1807 
33 80.2 90 07 88.1 104.6 2705 43.8 40.0 68.4 113.6 1901 0.144 0 0529 0.448 57.2 19668 717 1002 1906 
60 wt. % Normal Propyl Alcohol 
34 9802 90.7 87.1 104.5 2801 59.6 58.1 69.5 173.5 14.9 0.079 0.783 0.715 44.0 15041 536 681 22.1 
35 80.2· 89.9 87.1 104.5 28.8 59.3 57.7 69.3 152.5 1508 0.094 0.697 0.627 46.7 15996 555 712 22.5 
36 60 09 89.5 87.1 104.6 29.4 59.3 57.7 69.3 110.0 15.0 0.120 0.518 0.453 44.2 15118 514 646 23.4 
39 98.8 90.8 87.4 112.8 42.6 59.5 57.4 69.5 129.1 23.9 0.157 0.636 0.531 70.5 24115 566 730 33.0 )0 80.2 90 03 8704 112.8 43.0 59.3 56.9 69.0 103.6 23.0 0.182 0.525 0.425 68.3 23387 544 694 33.7 
71.5 wt. % Normal Propyl Alcohol - Azeotrope 
30 99.5 90.4 87.5 112.5 42.4 71.5 71.5 70.5 189.5 18.9 0.091 0.900 0.818 53.6 18604 439 532 35.0 
31 81.7 89.5 87.5 112.6 43.4 71.5 7105 7100 153.5 17.1 0.100 0.736 0.663 . 48 05 16832 388 459 36.'7 
32 60.7 8809 87.5 11205 43.8 71.5 7105 7100 105.6 15.6 0.129 0.523 0.456 44.2 15356 351 408 37.6 
35 97.4 89.4 87.4 104.5 29.1 71.5 71.5 70.7 251.1 1107 0.044 1.134 10084 33.2 11517 ~97 472 24.4 
36 8205 89.3 8704 104.5 29.1 71.5 71.5 70.7 191.6 10 06 0.053 0.873 0.827 30.0 10434 359 419 24.S 
37 60.5 8806 87.4 104.5 29.8 71.5 71.5 70.7 124.6 9.6 0.072 0.579 0.538 27.2 9450 318 364 25.S 
.... 
.... 
0 
RN S T. To T ATov Cli Cl0 Cvo Vll0 Vivo Xo Vli Vl0 Vvo q u. hf' LlT f ~ s ~n 
30 99.1 90.4 87.4- 121.0 57.8 71.5 71.5 70.5 133.7 26.0 0.163 0.689 0.577 73.7 25593 443 538 4-7.6 
)1 79.8 8906 8704- 12100 5805 7105 71.5 70.7. 10006 2401 0.193 0.538 0.434 68.3 23723 406 483 4901 
85 wt. % Normal Propyl Alcohol 
+5 99.9 90.1 87<)6 121.5 5808 8408 85.7 77.5 13709 26.9 0.163 0 0736 0.615 70 07 24258 413 494 4901 
+6 80 06 8908 87.7 12106 59.2 8408 86.0 7705 10205 26.0 0.203 0.573 0.457 6803 23421 396 470 49.8 
70 9909 90.9 88.2 113.3 42.7 85.2 86.0 77.2 216.2 18.7 0.080 10051 0 0966 4903 16456 385 455 36.2 
71 82.3 89.9 88.2 11304 43.8 85.2 85.9 77.2 174.1 1606 0.087 0.852 0.778 43.8 14644 334 386 3800 
72 61.2 89.1 88 02 11303 44.4 85.2 85 08 77.1 11701 1406 0 0111 0 0588 0.523 . 38.7 13010 293 332 3902 
75 98.6 90.8 88.3 10500 27.8 85.8 85 08 7609 277.3 11.8 0.041 1.296 1.238 31.4 10771 388 459 23.5 
76 80.8 90.2 88.4 105.0 2803 85.2 85.2 76.9 21804 10.4 0.045 1.023 0 0974 2705 9418 333 383 24.6 
77 6206 89.2 88 04 10500 2902 85.2 8502 76.6 144.8 8.1 0.053 0 0682 0.646 21.5 7351 252 280 26.3 
Normal Propyl Alcohol 
)4 9704 9805 9606 10605 16.1 100 100 100 360.1 803 0.023 1.735 1.696 14.6 4879 303 344 14.2 )5 7500. 97.9 9606 107.2 18.0 23907 702 0.029 1.163 1.129 12.7 4232 236 261 16.2 )6 6505 9703 96.6 107.1 1803 171.6 5.5 0.031 0 0834 0.808 907 3233 177 190 1700 )9 97.0 9709 95.9 11306 30.1 26408 15.3 0.055 1.319 1.247 26.9 8994 299 340 26.5 
10 82 01 9609 95.9 11306 31.0 213.2 13.8 0.061 1.069 10004 2403 8112 262 292 27.7 
11 62.0 9607 95.9 113.7 31.4 152.0 12.5 0.076 00775 0.716 22.0 7348 235 259 28.4 
12 4100 96.8 95.9 11307 31.2 74.8 10.8 0.127 0.403 0.352 19.0 6349 203 221 28.7 
14 9804 98.1 96.9 122.5 45.0 207.8 23.1 0.010 1.088 0.979 40.6 13579 302 343 39.6 
15 81.3 9801 96.9 122.4 44.8 155.4 22.2 0.125 0.837 0.732 . 39.0 13050 291 329 39.6 
16 62.2 97.4 97 00 122.4 45.4 107.9 20.4 0.159 0.604- 0.508 35.9 11992 264 295 40.6 
19 9808 98.3 96.8 13004- 5901 126.7 34.3 0.213 0.758 0.597 60.3 20163 341 394 51.1 
20 81.3 98.1 9609 130.5 59.4 8403 34.1 0.288 0.558 0.397 5909 20045 337 390 5104 
+0 99.1 98.9 96.9 130.5 5807 7803 44.6 0.363 0.579 0.369 7804 26217 447 543 48.3 
... 
... 
... 
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Tables of Experimental Results (Six Compartment Evaporator) 5.lD 
RN 
S 
P 
Legend 
Experimental run number 
Submergence 
Steam temperature 
Position along evaporator 
compartment Number Outlet 
0 
. I 
2 
2 
3 
3 
" 
" 5----
----5 
6----
----6 
Length mean value 
Temperature 
Inlet 
Overall temperature difference 
Liquid composition 
Vapour composition 
Liquid mass flow rate 
Vapour mass flow rate 
Qual ity 
Liquid veloci ty 
Vv Vapour velocity 
q Heat flux 
Uin Overall heat transfer coefficierit 
hf Inside film heat transfer coefficient 
6Tf Inside film temperature difference 
percent 
°c. 
Flange Number 
wt. % water 
wt. % water 
lb./hr. 
lb./hr. 
weight fraction of vapour 
ft./sec. 
1ft ./sec. 
Btu./hr. ft~ 
Btu./hr. ft~ of. 
Btu./hr. ft~ of. 
of. 
Present Series of Experiments 
5.lD water-Glycerol Results 
50 wt. % Water in Glycerol 
. RN S TS P T A.Tov Cl. Cv Wl. Wy )(. Vl. v" 
r,---- .. 
I ___ ~' -. -_. -h. 
65 "t. % \'ia ter in Glycerol 
RN .s 1$ P T Cv W1 Wy X VI Vy 
65 wt. % Wa ter in Glycerol 
: RN s ~ P T 061;,,, Cl C. Wl Wy X ~ 
80 \1 t. % Wa ter in Glycerol .. 
=~ri-1(\JU.3~ .3 .... 0.·1 o~ :7 __ . __ .. ___ Z3_J_1.00 .• 0 .. _.1 Or. .. '19 .'12 ~ 90_ 2 ~29,.O~· 14 75_; 110,682._..... .. _ .. _ .. -.- - .. -.--'- .1 
1 1 Ot. .9_~(' ,JS£_ 113 _ 'n . ')7 9'''-.,10'7Q_.O. 'I641._Lo;t.. 439' __ 65866,_'161. 9_'r60'l._8, 67':'_j 
i~:10~:6 53:~2 ___ 11r, __ ~8 '2. 7L •.. 1 1,07_ O .• 3!H8 __ 1'5,986 __ 6(l916,_1144,6 .. _6900.~_B,8L 
, . 3 'O~.7 51.~'I 1,3.0t. 17.'15.";>'" 0.4000 ~~.,,79 ... 51\(l54.'1,?IS,6 ... _.6287', ~',?3; 
. __ ._ .-.- ............ 4 105.4 5~.r.(l __ ==~.~~:.1'r.'IQ11.9(l.OR4'0.43R1 ~5,806 57125,1086,0. 5203, 1O,~'g 
5 Ht<;,t\ ~3.M. 135.11 ".111 .04'1R 0.43R1 'I4.~05 5('01)4, 1044,2 4368,.12,82: .... 
-- .. ---.. ---- " 107.7 <;1.r;7 79:6·--····-- 11.1.;>1) . O.O/).onoo 0.1.59';:> 1).459 5:>600. 11'11 9',9' 396~', n,25 ! ~ 
,-------_ .. -... -. - .. 
l <; t • . It. '; R 4 2 7. U) 79',;:> 5 (\ 5 5, 1 1 • '; 6 
80 wt. % Wa ter in Glycerol 
RN s p T Cv W1 Wy X \{ 
Wa tal' 
RN S Ts p T AT.,,, Cl Cv W1 W" X ,~ V" Uin hr A~ 
" I! 9 93 17.6.0 0 101.5" 100.0 HI{:.O 3;>t>:18 19'.2? :05511 1.1105 105.475 1 1n~.7 43.07 :'?P..90 16.5'\ • 0479' 1.1 ;>08 90.872 3'742~'. 869:.0 2383 • 15.70 
? ~O3.1. 4~ ':3? 3~~:79 13.67 • 03911'> 1.1312 75.175 34755. 841 ., 2184 • 1 5.91 
3 1tl~.~ 
"" • 1 r 5~4.n~ 10.62 .0307 1.1412 58.3?7 32082. 780,6 1 81 ~. 17.65 4 10;>.9 1.1 ': 5f, 3~H:10 7.3'; • 0:lIJ 1.15?3 40. 3~1 29;1'43. 720. ~, 1 524 • 1 9'. 65 
5 ,. 011. 2 M.37 34" '"('4 3.81 : 0 110 1.16S5 21.010 :U;339'. 701 , 9' 14 41. I ~'. 11 6 
~ 1 (l/ •• r. 3r.J,? 5/.5:4<; 0.00 :OGClO 1. I n1 1 .179 ? 6 73 5. 692.3 I 40' • 1 ~'. 08 
1. 1.1.1(1 31547. 767.6 I 71.~1. 18.04 
~,\!' 0 95 125,4 r, 101.r- 100.0 100.0 330.0;> 21.78 :0619 1.27.31' 119.045 
1 1(\(:.;> 4':':P.7 S'n:09 lB.71 .053? 1.1346 102.564 42763. 997,5' H88. 11 .59' 
2 H? I, I." • 5 ~ ~'i«35 15.4/. :0439, 1.1 (.6() IH;7~1l 39708. 955.6 3173. 1 2. 52 
3 10:1.P. l:-i>~ P Po :; 3~' .1\(1 12.lln ,03/.1 1. 1 580 65.901 36654. 894,4 2585. 14.18 
4 ~()3.2 U. f''' :'4'1:1.9 8. 31 .0236 1 .1710 4 S. 671 3(.210. 849'.3 2241. 15.27 
5 10 t • (, :;(1':1 !l '3t.7.49 4.31 • (1122 1.1?53 23.733 32378. 826.3 2087. 1 5. 51 
(, 1 0 I. • 5 3n.O(, 35~.f,O 0.00 ~O()OO 1.2004 1.2()(' 30545. 802.5 19'41. 15.74 
L .. r'.1l3 36043. 882.8 249'0, 14.48 
~1\J11 90 125.5 P 101.2 10n.0 1CO:O ;: /)? • 21. ~2.95 .07211 O. 9948 125.495 
1 1n2.~ 11.~'.883 295:(.<;1 19'.71 .0I'12~ 1.0065 10fl.053 45917. 1072.0 49'64. 9'. i! 5 
.. 10;>.~ 1.~.2';1 290.9;> 16.2" .(1511, 1. 01 ~& 89.383 42654. 1032.9' 4221. 10.11 
3 103.4 (.c:;> () 30;>.55 12.64 .O4() 1 1. 0316 69.533 39357. 979',1 3445. 11 .42 
It H'l. ~ ,;t" • 76 306.44 8.7'5 .02711 1.0448 48.141 36734. 9Z 3.9' 2 B 4 7. 12.110 
5 10t.,f. :5 r: Po r, 3H:(\~ 4.54 • n 144 1.01'100 25.M2 3471\2. 894.6 2585. 13.46 
6 1 n t.. • (:. ':;':".70 7,1 <;:10 (i.00 .0000 1.075f> 1 • U 76 32798. 868.1 2374. 13.81 
L U>';M, 38707. 952.5 3138 • 12.34 
f,J ~:1 2 99 '26.0 (. 10 ... 2 100.0 , n (: . 0 3'2.(.2 21 .5:> .O~OIl 1.1322 117.679' 
1 H2. ~ 1.3.91 3~5.68 1 8.4'" ~ n 521 1.11>33 101.1il1 41917. 954.7 316,3, 13.25 
;> 10;:>.~ 42': L.l. 33r,.9~ 15.21 • (,429 1.1551 &3.525 38AQ7'. 916.6 27n'1' 14.00 
3 1B.( 4~.5(, 3(.;>./.1 11.73 .0331 l.H71 64.(.~3 351?(,1) • 862.4 2 3 31 •• 15.36 .... 
4 ~()3.i l.n':;;!, ~f.('.()~ B.13 • 0:>2Q 1.11<1)0 4( •• 73? 34567. 846.5 2 2 21 • 1 5 • 57 .... 
-l 5 11)(·.3 7,(1.65 349.9;> 4.2:!1 : 011 Q' 1 .1 939' 23.241 32383. 616.8 21\2~. 1 S. 98 
t, 10/.,(, ~r.r\~ 5'5( •• 1(, 0.01) • (IO(\n 1.2085 1 .2(09 3031'02. 782.8 Isn' . 16,61 
L. (10 'f ': S p 35664. 857.7 230(). 1 5. 51 
Water 
RN S ~ P T .e.TOY Cl Cy W1 Wv X "1 Vy Uill hf A~ 
IH'13 96 135.6 r! 1n1.(' 100.0 100.0 2or<MI 31 .9 A ~1375 0.61\30 174.806 
1 1(\ ;> • l. 1ji'!.rq1 2()~:?3 27.l.2 ~117Q' r,.699'2 150.445 66171. 1084.8 519's;. 1~.73 
? 1(\3.1 5~.11 2H<:n6 :>2.59' ,0971 0.711'>1 124.199 613H,. 1038.3 4215. 1 {.. 36 I :s ~n~.3 5f)':3~ 215:1:1 17.54 ,0754 0.7334 96.429 57037. 978.0 3408. '6.73 
4 1(13.7 57','7; 2;>{I.5/. 1 2.1 2 • 0521 0.75" 66.719 53234 . 921.4 2110'1. '8.06 
. , 
I 
5 1 0 i... (I 5i":11 ~'1\:3'1' 6.29' .0270 n.7nl 34.6~6 50 A3 7. 890.1 2535. 20.n5 
(, 
't04.€' ~f,.~~ r:~?:66 0.00 :r.cIOO (\ • 7941 0.794 47Q'44. 853. 9' "261. 21 • 20 
L 51)':11" 56100. 954.0 31 34. 17. \)0 
tll11 4 99 135.5 0 1n1.5 100.0 1no:o 19(1:24 32.24 :1399 0.6'749' 176.470 
1 10~.e ~r.', ~ t:. ~O~.:15 :17.64 .1199 0.6 013 151.8(18 66213. 1104.3 5~74. 11. 67 
2 103.f' !);.-3!) 2117.7:'\ ,.,.76 .09"'1' n.7(lA5 125 .• 318 613n'. 1060.9' 4685. n.10 
.. Hl,..1 5(., 7~ 2P :8/. 17.64 :11765 n.7261 97.230 57571. 1014.2 3B9'2. 14.78 ~ 4 'I n ( •• 5 5(,':1r (~?'.3;:> 12 .16 ;n'i2R 0.7450 67.0117 5361\2. 956.6 31 60. 16.98 
5 HI. .1' !j!i.5~ 2~4.17 6. 31 .n;l74 O.7!':~1 3/ •• 1137 5'223. 9?~.5 2816,. 1 8. 1 9' 
6 'I n~.~, 5( •• -63 2~r,.41l 0.00 .noon n.7R71 0.78.7 4&341. 884.9' 241'2. , ;', 40 
L ~7.57 56390. 9·79.5 3427·, 16.46 
. Nt:,5 98 148.6 0 1n~ 'i 100.0 100_fI 106,'59 47.0" :~n6;1 ().3!'>~2 -258,178 ( . 
1 ~ n t&..' 3" .... C! r; 113.37 '(1.27 :"6?1 (\.31168 222,055 93~!l6,. 1152.7 70f'S,. 13. cO 
2 10<;,:; 71' .• 75 ",(.;49 33.15 .;>157 0.4114 183.264 944;n. '199'.() 9287. 10.17 
3 1r.5.r 77.1.6 1~P,;15 ;:>S.4A .1659 0.4377 141.078 87103. n 24. 5 6133. 1 4.20 
4 10".( r'7'.~" 5 '1>;6;;>1 1 7.42 : 11 ~4 0.4652 96.397 82732. 1072.4 484h 17 .07 
~ ~n~.~ ~" ,,~ I , • I .' 1 41 •• 9 ~ B.68 • 056'5 0.4951 48.(:<'5 76 8P 6. 996.6 3607 • 21 .32 
to 101i.f. 7( ,'(9' ~r;3:t'o~ 0.00 : or. 0 0 0.5251 0.525 73200. 959.5 31 63, 2:;.14 
, . 
l i'f ~ ,?/~ 84672. '068.6 4776. 17.73 
IJI!16 100 154.9'0 100.(> 100.0 100. (\ 5S;37 57.48 .509'4 O.1R?4 314.117 
1 ~o~.~) 95: 7r. 6~. 70 1.9'.15 , 4~5" n.2170 269.706 114214. 1192.5 8863, \(. B9' 
2 103. 5 03,1.5 '/';! • 31\ 40.4R ,~5S7 0.246& 222.7110 11515~'. 1232.3 1162~'r ~'. 90 
~ 103.n r,;>':?~ El ~ • 79 ~1 .07 .,?t;3 o. ;>78?' 171.0113 10879?'. 11 n'. 7 81f~O. 13,30 
4 1nl,.:; ~·:I.r 01.71'. :>1.0'1' ,11167 (').'3131 116.19f> 1024/.0. 11 1 9. El 59'64, 1 7.1 8 
S 
-. 0 ~ • 1 ~r.~', 10;>.31, 1(;.49' ,09'30 O. '3/.9·4 57.976 94444. 1045.5 4323. 21,IlS 
.... (, 
',{16.1 r.r., 7~ 11,:115 o.on .onoo 0.31\56 O.3R6 90666. 1022.0 3 9'4 ~ .• 22.98 .... (Xl 
L 9~'.~'~i' 104287. '127.;11 6203. 16.1J1 
Wa tat' 
R.t( S 1i f' T AT"" Cl. Cy Wl. Wy X '4 Vy 9. '1n hi A1£ 
liIJ17 67 15!>.O (l 1 (\ 1 .1 100.0 1(; (\: 0 25':51 ~3.9' ~""RA 0.0'168 ~94.794 
1 102.5 9:;.{;9' ~(.:(,R 45.35 .5'710 0.1161 248.BA5 91 R11. 959'.4 31 5 ~'. 2 ~'. 0 7 
2 1r,3.~ 9 :r: M, 4:O;.?I. ~ 6.19' .1.55" n.11.75 199.",7 99782. 1067.7 4'737'. 21 • (\ 6 
3 \1\3.4 t)~.(d~ <;;>.57 ~6.8'i ;'nS1 n.1793 147.70'6 103562. 1117.6 5 QO 4. 17.54 
4 103.<; 9~:f'.r ,,<,:Co 17. 1.3 .2194 0.2114 95.809 102~no. 1105.6 5585. 18.3'7 5 1 (\t •• (I 9'~29' 'i'1:C.7 1\.3'i .1052 0.?t.:>4 46.014 1 0(,74 1 •. 1091.6 52/+3. 19'.22 ,.. 101..5 91;3; 79:4~ D.OO :M'OO 0.2710 0.2'71 94147. 1Q30.4 407 R. 23.09' 
L ~3':~? 98774. 1Q51.7 443 ~'. 22.:25 
In:1 f. 68 148.0 Cl 1111.3 100.0 100:0 <;7.41 47.57 .4'l31 11.1954 j)f,n.231 
1 10P.f\ l',~.7( 101..2 0 40.70 .~A71'\ 0.2191 '23.493 95475. 1154.2 7173. 1 3.31 
2 1(\3.() tjr .. 4";1 71 .50 :0.49' • ~1 90 0.21.39' 184;443 ~6<1r.4. 1196.3 9, 6~. 10.50 
3 103'(, 7t'.(,~ 79:n 25.7'; .24511 0.2703 141.551 89463. 1123.2 6112 • 1 4. ,"'. 4 ~(l~.tl 7(!.7(, R7.4<; 1'7.5' • 1 1170 0.?9A3 96.539 S4953. 10('5.1 4714 • 18.02 
S ~ 04. (/ 7~':3~ . 01'>.7<; Eo • .7 ~ .0$13;1 0.3;>113 41:1.1?3 ?'BSl04. 992.7 356? 2? • 1 2 (, 104.r. '(f'i.4'; ~('l6,.9Q 0.00 .0001) 1'1.35113 O.3~8 15160. 958.4 315~. 23.81 
L u·: Po r. 8667~. 1071. 7 484g. 17.88 
~! ~119 69 135.9' I) , 01 .1 1(\0.0 100.n 1:>S:e.7 :B.04 .2n79 0.4284 18r,.598, 
1 102./" r,~."'!./~ 1:.n;(,1 28.3n : 1781 n.4t.5[) 155.351 68386. 1114.9' 5~'67'. 1'.46 
2 10~.l. 59~~(I!' ~35:5'i 23.31'1 • 1470 0.4622 1211.5rJP M.S87'. 1090.4 5320 • 1 :2. 1 4 
3 ,o~.;? !;t;,7( 11.(':.90 18.fl1 .1133 1'\.4R03 99.019 61235. 1043.1 4355. 1 4. 06 
4 1 n 3.1 5~'~97 11.( •• 5R 1 2. '3 ~ 
.077" 11.490'6, 67.7119 5765~'. 977.8 340~. 1 6. 9'3 
5 H~. 5 S:1.7r "~?57 6.~4 .n~99' 0.5702 34.095 5330' • 90 R. 0 26 B S,. 1 9'. 84 (i 10'.~ 5~.7';. 1~P,.91 0.0r. ~ n r,(11) 0.5421 0.542 51021'. 8114.1 24R7. 20.52 
l 5(.'.(\7 59366. 991.6 3581 • 1 6. 58 
!H'?O 69 125.6 (l H1. ? 1(\0.0 1(;0.0 ~11f1:9~ 22.60 : 1011 0.6$130' 123.5('9' 
1 10?? 43. or ('04.1;> 1 9'. 41 .0 11 69' 0.69B 106.456 47153. 1096.1 5526. 11.53 
2 10;>J! (.'; ':53 ;>07.50 16. (1 ~ .0717 0.7(\ n 88.031 44002. , 059'. 6, 41'05. 9'.35 
::I 10".5 4" . ?(. 211.10 12.43 • 05510 1"1.719'3 111\.220 40417. 919'.5 3451 • 11 .71 ' 
t. 10;>.P' L 1 ~~-:-. ( ;'>1t.~9, 8.61 • 038'; 0.7~:?5 47.3(\7 38053 • 97.2.2 2B3:? 13.44 
5 10~.4 ~(': .1~S ~11').()7 . 4. 4~ .0199 0.74~9· 24.5(\fI 35$153. 8B6,4 Z 5 1 g • 14.24 I-' (. 10'1.7 ')~ :7( t:;>3.5~ 0.00 • 00(10 0.7623 0.7('?' 336/10. 8411.3 2233 • 15.08 I-' 
l 4' .7f. 391160. 955 , ~, 3175. 1?56 \D 
Water 
RH S TS P T ATOY Cl Cv W1 Wy X V1 Vy CJ. u. 111 hf Al£ 
m.121 100 135.1l (l 100.{ 1(10.0 100.0 1 BI..'77 :n.70 .1542 n.I'>7!16 183.91'11 
1 't 01 • (, 6'; ':5(, 1119:49 :?Po.9fl .1~21'> n.6449' 151\.375 72046,. 
" 70.2 8012. 8.99' 
2 1n1.;;: ,;~ .O~ r.()t..5:> '3.95 .1096 11.6621 130.95,1l 66995. 1098.0 5522. 12.13 
3 'tn1.~' ,;r. ':n ~Q9.7o 1e.67 :(\1i5~ n.61\04 102.301 61706. 1025.0 4064. 1 5.1 B 
4 H;>.3 Sr. • ~ 2 205:53 12.93 .059? 0.71')02 70.934 56703. 957.6 3176,. 17. '15 
5 1f\~.r, 5 r. ~"f. r, :"1.7" 6.70 .n~n7 o. n1 7 36.803 54082. 926.0 2853. 18.96 
(, 1r)3.? I)"r""t'. . . - . . ~,' p.. 4(. (1. 00 .ooon 0.7447 0.745 50746. 81l1.1 246~,. 20.58 
l. r;~.57 6031\0. 1013.6 38~'O. 15.52 
,·jV22 84 141 .7 C 10r.6 '00.0 100.0 1:>6:00 4(l.O4 .2411 0.42R7 '18.614 
1 1 01 .1 7l.5~ 1'H:61, '114.I.n .:>072 0.44111 18fl.063 84S37. 114:}'.7 70 72. 11. 95 
:.> ,1 01 • 6 7~·:('!) 137: 59 211.45 .1 71 ~ n.4('R5 155;741 ~o884. 1113.6 58i1'4. 13.72 
~ 10(> • 1 71 .7:5 1 M •• 0 I. ;'!2.0n .1325 0.4906 120.604 73531. 1025.1 4044. 11\.18 ~ 
4 10".5 70';9'; 1 %,'e'1 15.23 • n ~1 7 n.5138 83. SRI. 70.0.1 R. 91'.7,3 351 ~. 1 ~'. 94 
5 H3. r. 7r. • ~ 1 1 ~I\: 2,.; 7. ,7a .0469 n.53 9'4 42.770 64632. 921 • " 280. 4. 23.05 
(, 1r.~.4 r,r.':3f 1;,6:04 0..0.0 .ooon n.5~61 0.566 61260. 884.0. 2480. • 24.70. 
t. 71.'''S 72477. , 0.14.4 3882. 1'1.67 
. ,' .. -.~ - .-
N\'23 74 ,47.2 0. 10.(1.(, 10.0..0. HO:O 43','91 se.74 • ~361 0..149'4 276.911, 
1 1n(i.7 f)'!":9(, 0;1: 4-.; 43.22 .1.~66 0..17% ?36.o.39 98245. 117n.7. 7~64. 12.49' 
2 ~O1.(1 85':'.3 ~9.?1\ 35.3Q' .3739 n.U17 193.421 101273. 1213.8 10.368. ~'. 77 
3 1 ilL 3 r.i':r,C 1\7.61 ')7.04 .2P,56 n.2302 147.BR9' 98836. 1192.5 8~'B7. 11.00. 
4 101.6 6~.~:; 7«57 H. Oil .1 9 10 n.2~07 98.975 921P8. 111 9'. 7 6029'. 15. 7. 9' 
~ 1n1 . c r-:~ ·.~f)1 1lr,:7~ B.9n .n941 n. 29~O 48.774 8647.6. 10.55.5 455 ~'. 11l.96, 
(, 'O~.2 F'I':;>~ Q4~65 CI.on .00.0.0. 0.3224 0..322 830.28. 10.21.5 3N1. 20. 91 
L r;~':«2 93333. 1 1 2 9'.7 6332. 14.14 
'i~'24 60 146.9'0 1 ne •• c, 100..0 1no.o -';3.1" 46.2~ .5"27 1\.11'-6 252.113 
1 100.1 IH •• 3' 1.0.1.6 ~I\. n • 490~ 0..1376 ?12.?04 790.95. 9'37.8 2Q'j2. 26.79' 
2 1 (l(,.? Al, : 1 7 4"~3'1 ~1 .04 .~911 0..1644 169.30.3. 86759'. 1030.S 41 2 ~. 21 .04 
3 ~O(;.~ ~$.Oyl 'it\.3:> ;13.0'" .:>QO~ 0. .191 6 125.n2 89~93. '071.5 485n. 1 B. 52 
4 100.3 11?:','~r (,4.1.3 14.95 .1 RB'I 0.2192 1\1.5'i1 1l1\587. 1055.1 4 ~ 5 ~'. 1 9'. 43 
5 1Or,.,~ 1;3.79' 7??r; 7.n .01198 11.21.53 311.899 87391. 10. /.3.0 4324. 20.~1 
.... () 1()().1. r.;j':7r 7Q.1i? 0.00 .0 () 0 0 0.2700 0.270 il1H5. 971.8 :3 3 1 7'. 24.S?' I\) 
I. 1'.1, • r. (, 85528. 1017.5 3 ~'1 8. 21 .83 0 
Water 
RN S Ts P T AToy C; Cy W1 Wy 
IIl,7S liD '<'4.8 C 10n.c, 100.0 1(,(,:0 ~H:r11 :!O.59' 
1 1()(,.'. 4.4':'3' ~1;>.95 17.65 
2 ~ 00 • ~ 4/ •• 1:(:. 11(>.'117 14.53 
S 'On.3 l.I.: 21 '11°.(.6 1 1. 1 ~ 
(. Hr. (. 4/ •• (' .. ~ ?:>,:on 7.60 
5 1no.~ 4~':1l1 1,)(.:74 3.fl6 
(, '10(· • () 4'S.(,!. '30.(,0 0.00 
L 4.';: 1 r. 
'. 
X VI Vy 
;1577 0.3741 112.258 
;135;. 0.31\41 96.24.7 
~, 11 2 0.3948 79.224 
.01\53 0.4064 60.743 
058' 0.4.1R4 "1.475 
:0296 n.4~12 21.077 
;0(,00 0.4443 0.44,4 
Uin 
42590. 955.9' 
41238. 92 ~'. 2 
38985. 881.9' 
37407. 850.0 
34478. 787.0 
32450. 743, 7 
37858. 858.5 
hi 
3181'. 
2904. 
2487. 
2249'. 
1 AS 6. 
1 631 • 
2'51 O. 
A\ 
13.3·9' 
1 4. (0 
15.68 
16.63 
, 1\.58 
19'. a~' 
1 6.39' 
.... 
'" .... 
RN 
S 
q 
liT f '. 
Gl 
G
v 
Xo 
Rei 
hf 
hi 
Xtt 
. Tb 
C1 
A 
B 
c 
D 
Tables of Processed Results (5.2A, 5.2B, 5.2C) 
Legend 
Experimental run number 
Submergence 
Heat flux 
Inside film temperature difference 
Liquid mass velocity 
Vapour mass velocity 
percent 
2 Btu ./hr • .ft. 
of. 
lb./hr. ft~ 
Ib./hr. ft~ 
122 
, 
Exit quality weight fraction of vapo~ 
Liquid Reynolds number 
Inside film heat transfer coefficient Btu./hr. ft~ of. 
Single phase liquid heat transfer coefficient Btu./h~. ft~ of. 
Lockhart and Martinelli parameter 
Boiling temperature 
Surface tension dynes/cm. 
«)(:~J 
( )( T )(C1H 0) 0.9 X:t lI~f -+ 
I - (y* - x) (..E..-) ! (5?...) (dT) DAB Hlv dx 
0.6 
, 5.2A Water-Glycerol Processed Results' 
Present Ser:Les of Experiments 
water 
RN S tt A~ 6" G. Xo Rel. h£ \'1 h ..L- lb 6"'0 A {3 C 0 n1 Xtt. Al£ ,Elt 
1I 1 1Gfl 13825. 7.19' 3,rl':":'4. 7310. .0'23 19;12°. 19;?~. 745.3 '-.SBO 0.519' 93.113 1 .0 48.59 48. 59' 1.0 48. 5 f' 
\,1 ? er) 1419'7. 6.9'R ~·73~r·9 • 7115. . 0,5(, 1 ('(,1", ~. 2034 • 656.4 '3.09'1\ 0.SR4 96.40 1 • 0 56.27 56,.27 1.0 56.2" 
\.I 
" 
67 ~3(\~1l. 7.8~ 200r~6. 1\(\98 • • (1,8:> 1 :'1;'1. 1669'. '532.2' 3.13" 0.643 RII.1? 1.0 55. 1" 5 5.41 1.0 55. 41 
\.I G. /,6 1 (;969'. 9'.17 1(\GI'\7~. 1,7?6. .01.':> 6/'.5;> , 1196. 318.8 3.75' 0.910 n. ~I> 1.0 6~.74 6iS.74 1 • 0 66.74 
p 5 Ho 25733. ~:.'1. 49' ?~7~:1. • 17 11 (, • • ()43R 1561:>:. 11171 . (,~(;.9' ,.91>'; 0.962 49.9'f< 1.0 48.08 48.08 1.0 48. 0 S' 
~, 6 11 ... ';1.774. 1~.G.~ ?"3P,~~. 1111'<0. · 0/.',., ·~010. 1RI.6. 545.;1 3.38~ 1.0 RC ~O.22 , .0 54.26 54.26 1.0 54.25, 
\1 7 5" 23"1':4. 1~. n ., ,.r,/~r..":t. ',011"4. · (16(,1 (),n~. 1St,.,. 4(\9'.1\ ~. 77~ 1.367 t.,4. 1 1 1 . 0 61).31 60. ~, 1.(1 60. 31 
li r. 3~ ?2n42. 17. ~~ 777'1 1 ~ (')147. .1()59 a1,47. 1 '?I.~. '?47.5 5.03'; 2. 1 Q2 3A.Il? 1.0 1\3.34 8 ~. 34 1.0 83. :H 
,I (,', HO 364~E\. 21'. ne, '~F\rl~(('I. ,,~1\55. • OR(.I) 1~151. 1 ~17 • 6.p.7..0 ~. 769' 1.700 1~.5~ 1.0 56.98 5" •• '8 1.0 56.93 
!.,11 (1 1'1 3:::?i~ 9'. 21."7 140O:t', •• 1~()G2. • (I" (, 'I' :i7711. 1630. ~91'\.O 4.(l9~ 2.010 'l1.,)7 1 .0 62.45 6 ~. 45 1.0 62.45 
t,1 ~ 1 6() 3.;.59'1':. ?~.q~ "r;r~9. </,1.32. · 1 ~, ~ t, Cl 6(\ • 1 ~ 1 3. ;;>Q 5. ~, 5.11" :1.7()3 ,,\) '. ,I. 2 1 .0 79.53 n'.53 1.0 "~'. 5 3 
u~ ? l~ ? 3:'1(3. 21..~/. 57'.1"-. ~~1\19. .101 'I' :~r..(Ir; . 135n. '?03.9' "'."2' 3.899 27.39 ~ .0 106.78 1 O~. 78 1./) 106.79 u,. .. 100 45p£:2. ,-A.5h "126f..;;~. '''1(ld. ,,~Q-; f:191'\. 1 579'. ~76.1\ 4.18:)' 2.652 23.6'1 1 . 0 6?6? 62.62 1 • 0 6~.1S2 ! ~ 
1I ~ l~ 80".5;>11. 2R.!in Qr~r,~. 1 R9 0( •• • , "'Ot. 1'>43() • 1581 • ~1n.3 5.01'5 3.2"'9 23.% 1 . 0 n.01 77.01 1.0 77.0' 
1;.1' ~ !' 61 4~Pf)3. 2~'.~r; ?r.:,';? • .114~;;. .;>nI\4 /.'1'15. 1 ~ 1 6. '?42.1 6.?6' 4.2~7 n.n 1.0 9'6.51 ~'~" 5 1 1 • 0 9'6.51 
P1'" 4';' 46°1.6. 77."1 4::(1t;"O. 1"7(19. .3135 ~5n6~~ 170(). 171.4 Q'. 9', A 6.462 :>4.37 1.(1 1~7.49 ,57.1.9' 1.0 15'1'.0' 
u~7 9<; <;7542. 33.46 Arl,;r.C'. '1;01',6. .2~40 I:\~:')? • 1720. ;>9'1 .1 5 • ~'n R 4.352 ;>1).1(' 1 .0 87.75 87.75 , • 0 87.75 
1,!'1 P. 79 57377. 31..n7 7'4~!~-;. ?~7R3. • ';'1.2~ 51(.9. 1(.8 { .. ,?~8.1 !.. 5<!~ 4.944 19.7Q 1.0 97.84 ~'7. R 4 1.0 9'7.84 
Li ~ 0' 59 59854. 3'0.34 1.70:'0. '4596. .3/.34 351A. 1910. 1 Q 1 . 5 9'. Q'''' 7. H9 ? 1 • 51 1 . 0 153.32 1 53.-32 1 • tl 153.32 Li;: r, 4~ 5(;726. :5:'i • (\::; "~,~3~. ,~9P,6. .477(, ~1't1? 177R. 134.7 13.1~'" 10.351 20.39 , . 0 211. 01 211.01 1 . 0 211.01 
RN S '1 
T 1. 99' 13503._ 
T:1 83 12 916 __ . 
'I' 3· 6~ H69S. 
T I. 41. 13 5 22. 
'I' .. Hr, 25(l14. 
T (, fi<; 2/, ~i). 
T 7 65 235(". 
T ~ Id) 2;:1I7~. 
T 9' 100 35734. 
no 115 35"'(.~ T~ 1 .. 6<; 33 9 75: 
T'I:'. 1.1. ::39~1.. 
T13.100 1.6~64. 
T~1. 87 459?6. 
T\ <; c5 1.1,653. 
T17 .1 CO 561"23. 
H 1 93 
H " . r'f) ~ 3 67 
11 I. 1,0 
~ 5 100 
~i 6 62 
H 7 6? 
H S3 42 
11 9 98 
H10 80 
1i11 6? 
H n 100 
H14 B1 
f 1 100 
~ 2 83 
~ 3 65 
F 5 99 
~ A (11 
F 9 Ho 
14293 •. 
14230. 
131i'1. • 
1j(.71. 
22110 7 • 
23~/l6. 
23546. 
nll&7. 
33R3~. 
33o;,~ 
3363( 
4333 9'. 
44045. 
12988. 
131 so. 
12742. 
23871 
2t.Cll ": 
32n29'. 
6.~ 
7.3 
B.1 
7,7 
12. (. 
13,4 
13,4 
14,6 
18, , 
'08,7 
19'.9' 
21 ,0 
24.9' 
l?5.6 
26.5 
31. 4 
80 wt.% Water in Glycerol 
"'t "1. hE -L 1i. ~ ~ X.~ ~T£ 6 1 A B c D 
2(,357° •.. _7115 •.• 026.1(,5(.0 •. 2173. 4$\~. 4:50 0.1i0 108.9·,1,51.2f65.00[ 96':001.024197.411_ 
~31l632, 6~I)S •.• 'i27 ~'2',6. 1779, 4~5.4.0Q' O,flt293.1,,542~57,nl 85,331.024 86,57 1 ... 
169H~~. ~703 •. ,03' (,Fi()? 1%2. 360,4:59' 0.74 83.2 1,542: 6,,21 90,411,024 91.73 i. .. 
56 7', n • ~ ~ 0 o. • (,9 0 ? ~ 5 6, 17 4 9. 1'" "', 1 2 , 0 2 1. l\ 5 87 , 3 1 ,54? ;161 , 72 ;I 3 R , 1\ 5 1. 0 2 4 242, 34 i. ' 
19.5M·.111 RO •• (;5~ 77r;7. 7.025, 379 •.. ~5.34 1.18 54.8.1,5 4111 !>4,5~ 95,29 1,024 96.68: 
16?67r . '(\"'72~ .... ,r,6:! 1;"".4. ,R21 •. 3"14. 5:461.'0 50,S 1;542165,8697,26 1.024 98,6!!~ 
1 23 0 ~ I' '.. 0 Po 5 \l •.• Cl 7 4 ~ 0;> 7. , 756. 2 A 1\. 6 : 5 5 1. ~ 4 50 , 6 " 543 177 , 68 1 1 I.. 78 1. 025 11 6. 50 l 
8158n •. 0401 •• 103 3~72. ,565, ,94. R~08 2.11.46,2 1;S4~11 ~7,63 '44,47 1.026 '46,70. 
'3RQ~~. 1~245. ,099 ~72A. ,Q71. 206. 6:66 2,O~ 37.4 1,54~. 75,80 '12,15 1.026 ,,3,88 
1,?Fn? .&1139, .116. ,(,9, , 1R9S, 2~4. 7.47 2.'6 36,2 1,51.31, 85.57 126,44 1,025 128,33, 
r'4G~ .1"'026 ••• 4~ ~4~6. ,706. ,97, 8 64 2.9! 34,0 1,544 ~9~52 147:'2 1.027 ,49.47! 5~2~7:''l:1I23 •.• ;>(.''''2'~1l. ''''13, ''''3. 11.'2R 4.'2 32.2 1,541.,132,60 '~6,06 1,02B '99.29i~·" ~~3n/\. 10:>;'" .17, 39;>7, ,862. no .. R:48 '3.1.4 27,2 1,544! ~'3,75 ,311;1\31',028 11.0.96'.~~ 
71\7~r.. ,onO!) •• 190 3;>91. ,79'4. ,01. 9'.'40 3.9'8 26.4 ',SHI,05,17 155,511.028 nB,13 
5412(" 111;>95, .;>5~ 2~64, ,682. , ... 7.n:47 5,07 25,5 1,54{'~'?Y,.2~'191,31 1.030, 1'14.79 " .. ~ 
.5nl~~1. ?~376. _,86. 2'i~2. 1A03 •. 1C;t;~ .. 11~:~4 5.76 .. 21~6 ... ~!.~_~_~_l.124,42 .!~_~_!~ __ 5 1.032 ~~7~6? 
65 wt.% Water in Glycerol 
5,6 22117( .•... M06 •.• 020 
6,5 1R6~~~, A'OP, .D3? 
8,6 .1~76~~ •.. ~1A7, .D40 
(' Hi 8. 254 R. 3;>,. 7: 91 0, I, 4 1 2 L 3 1 , 5 5~ 5! 77, 93 1 1 5 ; C) 7 i 1. 061 1 20 , 1 4 : ... ~ 
5;>~r,. 2183. 21\4. 7.I'>R 0.71 104.3 i,5S~t 73.87 H~9,90iL059' 1'3.73 '-_ 
360;0. '539. 211. 7.29' 0.1'17' 79.3'1,5~'i'1 ~9','2 ,02,84 i1.059' 106.42:_. 
21'i_'4. 1532. 'A? 9'.46 1.,9' 77.2:,,555 9~,16 137,111.059' '41.89 8,A 90Gfor.. C;{.1'lR • • r-57 
17,2 161699', 1r67~ •• 05~ 
1 6 ,8 ., to, 51 5. 10 31>7. J; 6 7 
• 7,2 1DQo~r. 'r1~4 .... r8<; 
19,3 6A4~r., 0<;54. ,12' 
?O,~ 127(,;>;;. 1"'3,.,101 
20.C)' HO(,I.:;. 11.127 •• 124 
?1,7 76(4r.. 1~A~3 •• 15~ 
27.7 ~57'(, 1R4QB •• 167 
27,5 7~1~4, 1A001 •• ~OO 
6,n 
6,4 
7,7 
13,~ 
16,1 
21 ,6 
2(;75111, 
1700 f,n. 
1344t.r , 
1(,~,7r 
1332()'7: 
12/.~ o? 
~997, .• n211 
~692 • .(32 
..,A5, .0311 
0757 •• r,5t. 
OG52 •• 0(,6 
'~/.16. ,r,97 
5239. B24. 21'1;>: 4:70 1.18 39,41,5~5i"46,40: 69,03 1.059' 71.44~ .. :::' 
(.2'<,4. 1387. 2~A: 5.'84 1.41 .40.4 1,5'i4t. 57.01. 84.79 1.056 87.61 l ~ 
:':3C .... 1367. ,QS. 7.02 1.7~ 39.31;5')1.169',18102,871.055106.23 ... 
<01'.7. 1183. 1~5 •.. R,77 2,4R 34.9 1,554i 1\6,54 1211,72 1.056, 132.99. 
3?r.O. 1651. 21'7 •. 7,61 ;I.n4 33,2 1,5~~r 67,88 100,Q9t1.058 104.1.8. 
3051, Ht30. 1$\~: 1'1:92 '-.48 32,6 1,554 ~0.93 120,311i1,057 '24.44 
2'70, 1~52. 1 ... 9. 10:40 3,n53',41,5~41~5.81·142,5'!1.057 147,'36' 
;>A73. ~565. 175. R:9'6 3.:>1 '24.6 ,,55~1' 79',07 '17,7011.062 "'2,03~.·.·. 
2;~F., '600. 1l.~.~_,21 3.9'6 24,81,5~5 9'8.07 145,9311.061 151.22~ .. 
50 vll::.% \Va ter in Glycerol 
311r.P,. ;>164,225. 9',60 0.~1 114,51,5"~1 70,01 105,361,,'~9' 114.53 
3,67. 7070, ,9'7. 11):50 O,1i9' 107.6 1,5'1'3! 'I'4,R5i'12~53;1.14' 121,79 
:' 1\ ~ Q. 1 t\ 6 0.. , M. 1 0: 0 1 O,!\ 1 89. 3 1, 5 n' 71. 90 ' 1 OR. 02 i 1 • 1 36 1 1 6 • 60 
Snn, 1797. ,!;l0. 9',44 1.16 51.7 1,~74' 60,11 90;1.4!1,145 91i,08 ,... 
<,6(,? 1366.1A6. B.24 l.~S 42.5 1,572 57,57 86,51 i1.137 93.45 ~ 
?,lIn, ".B5, 1~S, 9'.61 1,~'3 31,9 1,575 ~1.(.9' 97,;S5j1.149':100,5 9 i 
RN S 
1 9"'.7 
~ 87.4 
3 76.9 
4' 71.7 
5 66..4 
96.0 
C',,., • Cl 
7/\.3 
6('.6 
57.6 
90.S 
85.0 
7('.7 
67.3 
57.1 ?5 
32 1f:o.ft 
33 fiR.1 
:~4 79.6 
6Q.1l 
57.5 
I.5.1i 
9:>;.n 
CS.5 
/,1.75.0 
1.5 64.8 
Ut 54.4 
L7 44.0 
~2 1()O.O 
Gadsdon (Gl) 
R0165. 52.?1. 
8039'R. 6'?3r, 
805112. '67.49 
RC?4R. 67.60 
8'1211l. 67.69 
77418. 5r).I,c 
787;>11. 50.44 
81504. 49.43 
8133(,. 49'.95 
80979. SIl."S 
7411.38. 40. 0 9 
75311'1. 41.11\ 
75786. 41. ;'It, 
75sn,.,. 41.70 
75215.47.'.1 
72017.31.33 
72243. 31.51 
74R13. 3f)' 2;> 
73716. 3f).~9 
7023R •. 31.05. 
67%3. 33.31\ 
70R67. 22.61 
72 B15. 22.61. 
731 cn. 21.9fl 
71275.22.7'. 
67211. 24.1l7 
67859. 2S.B 
38441. 25.05 
.. 
5.2B Isopropyl Alcohol-Water Processed Results 
Water 
h \ 
hl. Xu. 
1'1 ti3? 33166. -.3165-5191)'. '1271'1: -263: 4~ 1..11516,528 
(.5" LIl~'3 3166,-::n 7 Cl .. 41.\2'-, ... 1 ,89':'? 4a:if'- 5, 19'7 . 6.9 a 5 
5i991~'33166.-'.31'i3!l···· 43911..'1290:230:2"5."'01 . 7.593 
% U. {, 331 66 •. 37[\ 4 41 87. P I.l "I: ? 71 : 5 5 • R 1 5 7. 930 
~u.n __ 3316C>::"'I'?~?066. '29~:"75:9' 10.~92 '4.978 
01,'7(,1 32113.:315;> 'Sllo1- ,53<;: 257:8 5.9'56 6.500 
(,4851' 32542.'.3341 11.783.156,: 246:4 6.'n4 6.920 
744:0;11 336n.:311'i 5381. ,"49':270:7 6.090 6.417 
~!nn, 334~y~'~38~8 4,,". 1~28: 218:2-"'~2 8.127 
(.7~5'· '!320S. ~412' 3769. 16\10;: 20~.·6 1.R82 8.7:18 
~r59~ 309,9, .3108 4QSA. ,8'~: 2S3.6 7.162 6.402 
M5"?·.~ 3"39. ~3~25 4~r,4. ,(;29': ~39':0-'1."53 6.884 
5;.61';' ~1250. ':3478 ( .... 77. ,1137: 2,9':S8.nn2 7.227 
57'5~ 3 •• nu .. 3525 ,,85. 1~''''~ 2~5.6 8.033 7.334 
5~g~<; 3p866 .• 3664 'n?9.176,: 214:8 8.,96 7.698 
~~2R4?Q97u. :27,8 56'7. 2290C 2"10:2 8.'04 5.560 
7~'5, 2997u.·~?A4~ 5 ... ~~. 2?9 ... ~ 268:7 8.<;~1 5.827 
~~31R" 3n866: :3,r9 47bD. 247f>: 245:4 10.0B7 . 6.626 
5F47? 30321 .. 3177 4 ... 08. 243"': 230:4 'O.~6' 6.999 
5~758; ~R879 •.• 333 ... . 4255 •. 226'~ 224:4 10.084 6.902 
4~3!8 21554 .. 3A&7 3~65. 201f>: 186:0 10.~41 8.170 
'((776. ?943~ •. 21<37 50411. 3135: 256:;>' 12.,o1 6.030 
~c7~~ 30165 .. 3n19 5nn2. 3~1~~ 255:4 1?~~' 6.208 
(,;'474" 3()165. :3154 474R. 333R: 244:9' 13.jI,~B 6.501. 
t~1~o 29346 .. 3'44 1.466. 3138: 23~:2 13.454 6.704 
51)/.1 Q , n()3;::.:33~7 1.01\0. 270"': 216:9' 12.451 6.888 
5089"1 277!lU.~3531 31'117. 2S79': 205:7'13.023 7.349 
2"1':/,;>,;' 17304: .01140 152,7. 1~3c;: 6'1:9' 2.1.68 1.383 
Tb 6~t 
~I£ 6.i 
B c o 
10.14 1.0 70.09'70~09'1.0 70.0V 
10.79' 1.0 75.40 75.401.075.40 
10.77 1.0 81.80 81.80 1.0 . 81.80" 
10.73 1.0'85.12" 85.121.0 85.12 
10.73 1.0 160.75 16(l.75 1.0 1/10.75 ' 
13.39' 1.0 87.02 87.021.0 87.02 
13.37 1.0 9i.55 92.55 1.0 9i.55 
13.641.0 87.55 87.551.0 87.55-
1 3 • 50 ,. 0 1 09 • 68 1 09'. 6 B 1. 0 1 09'. 68 
13.35 1.0 116.56 lH.56 1.0 116.56 
16.48 1.0 105.491 105.49' 1.0 105.49' 
16.39'1.0 112.81 112.81 1.0 112.81 
16.35 1.0 118.15 1,B.15 1.0 11B.15 
16.17 1.0 118.56 118.561.0 118.56 
15.?~ 1.0 122.89' 122.89' 1.0 122.59' 
21.53 1.0 119'.73 lP'.73 1.0 119'.73 
21.40 1.0 124,71 124.71 1.0 124.7, 
22.30 '.0 147.76 147.76 1.0 ~47.76 
22.23 1.0 155.62 155.62 1.0 155.62 
21.69' 1.0 149'. 72 14~'. 72 1.0 149'.72 
20.16 1.0 164.71 164.11 1.0 H4.71 
29'.83 ,. 0 17 11 .91 1 n'.;1, 1. 0 1/'9.91 
29'.77 1.0 ,84.83 184.83 1.0 1114.83 
30.77 1.0 200.10 200.10 '.0 200.10 
29'.65 1.0 1;18.76 19S.76 1.0 19S.76 
27.07 '.0 186.49' 18['>.49'1.0 186.49' 
26.56 1.0 195.11 195.17.1.0 1;1'5.17 
26.95 1.0 37.28 37.28 1.0 37.28 
.. 
IN S 
~3 9;>.1 39175. 
:1, e".1l 391115. 
',~ 74.44[!3f>f>. 
~" 60.4 39'681, 
~7 49.539'ti11. 
51) 39.0 38155. 
~;O 31.3 375(1. 
(0 22.4 37025. 
t'1 14.2 392c;7. 
l,4 9 4 • 0 ;:> 6 6 911 • 
65 87.2 27747.. 
(6 81.0 ::!!iti9'5. 
/,7 7~.1 2UR1, 
(F. 6~. Et :?7381. 
~o 49.f. 265B5. 
70 /.1.1 26f)~1. 
;'1 31.1 22596. 
,":? 2;>.7 19'61:1. 
75 97.B 1209'R. 
71, [,t1.n 8121,. 
i'? 7!1.9 10421. 
7~ 67.5 12729'. 
79 62.0 .160(,8. 
r,1l 5;>.5 147.1 0 '. 
P1 45.71341R. 
P? 3!1.412873. 
C3 23.4 12730. 
r,4 ~5.3 1(.~I)II, 
AT, 
24.76 
24.68 
24.37 
24.1l3 
25.0.3 
21S.33 
~6.76 
27.3? 
21S.34 
19.(;" 
PI. AI'. 
1/1.93 
19'. ti9 
20.44 
20.AS 
21.7.3 
2? • 7C 
23.119 
14.00 
1 5. I) 5 
1 5. 3f 
14. 6~ 
1:';.53 
., 4. ~ 1 
1 5. I) 1 
n.5(, 
16.00 
1 6. 14 
Wa tal' 
Re1 h£ hl. ~ ...L 
n'1 Xtt 
2~62PIl_ 17304. ~0741 13;>63. 1~B': 557~2- 2.A40 1.565 
1nr~1n'7304~-;OA5~ .'447. ,fi1~: 49~:2- 3.,57 1.787 
,6361'5 ·17304. ·:n0511 Hl1~Q'. 1,,5!1: 450.'1··3.1179 1.9119 
1r~439" 1675!).:1~1~ 71)57.. ,~9A': 3511:8 4.454 2.49'4 
~{9!7 '6563. :,4[5 6084. 1SS,: ~Q~;7 5.'~6 3.034 
~2~!S 1~8~H. :,798 472~. ,440': 244:0 5.9,8 3.658 
6~27~ 15511. :10(4 4127. 14D?: 219':0 6.402 4.054 
57'M.,'· 152V:l. :2n~(1 31\48.135<;': 207:0 6.')46 4.250 
3;:91'4' 16057. ··:3?f.9 ?/,75. 1491: 145:5 10.,48 6.625 
34~97S· 1~877. :03~S 21014. 139A: 805:1 1.737 0.793 
3'~1?n 12978: :O~r7 1S9n1. 1471: 7l9(7 1.9RQ 0.B78 
~7~1'7"' 12783: :0446 165°4. 1~1~: 6~6:5 2.'74 0.974 
2'~n20 12144. :0478 16~71. '4011: 6C?:3 2.~34 1.042 
1r.~537· 1171~. :O~M~ 1Do .... 1'nO': 403:5 2.714 1.262 
'?~~~1 11068. :083'" 7476. 1~7r;: 352:2 3.6?0 1.753 
(1,,976" 10764.,1fIi.fl 5736. P20'" 2114:9' 4.~12 2.17t) ~~657· 9291._._1,r7 4~~9~ 99~~ 2,4:6 4.412.2.484 
5r4~Q" 806U. :1,1? ~681. ~2n: 109':8 4.106 2.492 
"~~97ll': ... 7444.:01(;1 ?~979. rl6/.: 894.B 0.:)66 0.430 
3r.~491· 5411l1 .. 0141 2?77r... 51?: 8~8:5 o. ')9'7 0.342" 
3~43R6: S~85. :017~ 19884. 6~1: 770~3 n.RR4 0.412 
27~()'( • .. 6395 •.. °'21. 16635. 1\69': 61)7:8 1.~01 0.5~1 
~ :0; :': 0 5 7" 7 4 4 4 . . (\ ~ 1 0 13 '.l 54 •. -, 1 8'1 ': 5 R 0 : 3 2 . r)3 9' O. 700 
"re49, 1\39, .. n:f,l.1I 1(.707. Q'xn: 41,Q'.4 2. n~7 0.774 
,4;,6/,(\ 5893 •. 0397.1157". R91.: 39'1:2 ... 2."4 0.878 
,nr00'" S4R3. :o~rn 6ns~. ~31: 297:5 2.793 1.125 
6~577" 5269 '07AR 378~. 7911: 204:2- 3.A96 1.659 
S?no'l 5117 •. 0 AP,I) 3?73. 76R: 1R1:~' 4.'20 1.841 
Ib Ott 
Alf <S"l. A B 
c 
27.?61.0 42.68 -42.68 1.0 
27.34 1.0 48,85 48.85 1.0 
27.68 1.0 55.0!> 55.~6, 1.0 
27.161.0 H.7S 67.751.0 
26.~'3 1.0 81,70 81.70 1.0 
25.60 1.0 93.63' 91.63 '.0 
25.'1\ 1.0 102,01\ 102.0B 1.0 
24.651.0 104,76, 104.76 1.0 
25.56 1.0 169,32,69'.321.0 
35.35 1.0 28,03 211.03 1.0 
35.78 1.0 31,43 31.43 1.0 
35.t'>1 1.0 31..68 34.68 1.0 
31..23 1.0 35.67 35.67 1.0 
32.9~ 1.0 41.61 41.6, 1.0 
32.29' 1.0 56,60 56.60 1.0 
31.711.0 68,79 1 68.79' 1.0 
29'.64 1.0 73.64 73.64 1.0 
~8.17 1.0 70.20 70.20 1.0 
48.21 1,0 20,73 20.73 1.0 
42.57 1.0 14.55 14.551.0 
44.08 1.0 18,15 18.15 1.0 
46.0' 1.0 23,97 23.97 1.0 
4;)'.111 ,.0 34,B5 34.85 1.0 
46.43 1.0 35.96 35.;~. 1.0 
44. 88 "0 3 9, 4, 39'. 41 1. 0 
43.45 1,0 48 ,94 4B.~~ 1.0 
42 • 0 5 1. 0·- 69', 75 6 9 '. 75 1 • 0 
41.69' 1.0 76.74 76.74 1.0 
D 
42.68 
48.85 
55.06 
67,75 
81 .70 
9'3.63 
102.DB 
t04.76 
169'.32 
28.1'3 
31.43 
34.68 
35.67 
41 • 61 
56.60 
6B. 79 • 
73.64 
70.20 
20. 73_ 
1 4. 55 
1 8.1 5 
23.97 
34.85 
35.96 
3 ~'. 41 
48.9'4 
·6~'.i'5 
76.74 
10 wt. % Isopropyl Alcohol 
RN S <J. Al£ Gl. Gv Xo Rel, hi \\ ~ I Tb 5"0 A B c 0 0l, "X;t D.1f st 
OI\A 111 ,0 46C11 31- () 151r.93. '24475, .139 759;<, . 1441. ~7n. 3.M' '.08 20,67'1;11 ,-r '43,02 4Y~691 1,870 63,60 
r~7A 99,0 46,-1,3 31 • " 13;'(,2~. '23ft72. .1/,'5 ;<,1)(,11. 1/.1,9'. 343. 4.-?3 '.21 20.68 I,01C> !4S.74 46. 38! 1, 8~7 67.45 
r.;>F.A P,7.7 46(,n ~;>.4 11r":,12. ~n60. .1;<,0 (,19~. 1420. 313. 4.53 '.44 20.35 I ,01 6 :49.611 50.3711,85'5 77..97. 
C;>9A 76.4 4'9117 3;>.(l l(oI"";>C. ,1123. • 1 t\ 4 5601. 1308. :1 R 9 '. 4.53 ,. 51 20.10 , ,016 150,42 51.13: 1.853 74,03: 
C30A 65.4 4(1~1 3 t,. ~ ~'~()~'. '042;>. • 1 1\ ~ 41ll,O. 1??~ • ,57. 4.75 ',82 19',1 7 1,015 54.10 54.821,,855 79.4~ , 
r?>1A 52,5 39~56 ,< ~ 7(,~~1. 1 11 705. • 1 9 P. I.(lfl? , I , R. t'25. 4.98 'L 1)8 11\,75 1 ,01 5 157,6~ 58.4511,855 84,661 - ,'. ~ 
r.,?-,t. >:8.fl 36191 36.4 6~ ~,.~ 16836. • , I 5 333A. 99~, 1 0, . 5:;>1 ~.39 11\,17 I ,01 5 61.56 6 2 • 3 71 1 ,8 48 90.15 
r3~A ~O.3 341.,,3 ;;".6 ~11(15_ 14810. .,Ot' ~17' . 9fJ'7. 1 A3 . 4.9'i ~.23 17.56 , ,01 4 156.76 .57.461 '.~31\ 82,7'} i 
C;;SA 02.8 5~~94 "n.o 1j~~'~9'. ~r;41 n. • ~ 11 "1 4Q . 1:O:()O,. ??'G. 4.111. ~.26 11L ~? 1 .01 , :53.92 54.6 /.\1,855 7.9 • 1 5 i 
r:~~ 1l0.6.50R15 LfI ., nr.r.07. ?455~. .,3:'; 1.4/,6. 1?I.R. ;>40. 5. 1 Q' ~.6t. H. ?1 I ,015 :511.94 59.721 1.81.5 . 1\6,24\ 
- . ' 
C'!7A 67.6 41'1261 f .. r·. -; 7nl' 7. ~.2916 • • ') Id, ~1)11. 1187. ::> 17. 5.47 ~. 87 1(, • '- 4 1 ,01 4 't<.? 11'- 63.63!1,!\40 91,72 i 
r.:-;P.A 1..9,6 46711-, /,1 • 6 (, ::' 1'. f.f _ :'1!57. .')5(" :0:511\. 1121.. 1 ~9'. 5 •. 64 4. 06 1".g7.1,~'4 164.44 65.2">: 1,841 94.13: 
r?-()" ~7, 1 46(,112 i.1 • ~ 5nt.5~'. '0422, .'59 ">319. 11 03. 11l0. 5. 111 t. . 1 8 15,A0 I ,01 3 !fl6.08 ~6.85',,8?3 9';.86 [ 
rOA 9(. • 3 5~237 46 · {" 7t..rn[.-. ,7437. .:>7(\ l.??'1. 125~. ::>30. 5.t.~ 4.t'9 14.~'; I ,0' 4 !61 .10 "1.lIa 1.S41 119,24 ! 
r.1.3A 73,4 5(,6;<,3 1.7 
• I 6(_,; 4~'_ 2tSo34. · ,f\9 3720. 1702, ::>('18. 5. 77 I. . 65 1/ •• 03 , ,0 13 :6".')7 "6.0"' 1,831.. 95.06: 
r./.4A 1'-(1.1 5~1<;5 47 
· '-
Sl1lo;~' ,'1337, · ~(;, 3/.37. 11 80'. 1 Cl'S. 6: n9' 4.91 14.00 I ,013 \68. A1 69.6:;>1.a~~. 99.831 
r 15A 46.1 551)1\3 47.7 I!.):;ijn~. ~416~. 
· ~13 :>;147. "56. 1 82. 6.35 ~ . 1 5 13.891,013 71 .58 72.42:1.8?3 103,841 
r.l,QA 98.0 61\(1)5 5;>.1S 6551r.. ~1022. • >:2:' 31196. noo. ~16. 6:01 ~.2(, 12.51\ 1 ,01 :5 66,13 66.93: 1. B34 • 9(' :s~;. . , (. S (If, 117.0 671j3" 5 3 • , (,::!(. (, r . 1;0165. .~?S :>:'511. 1271. ::>10. 6.(\~ 0;.34 1?45 1 , n 1 3 66.44 67, 22! 1. ~?'6 9(,,47' 
(~;1t. 72, (I (-??1.2 53. 9 ~ M. r; ;: ,1)~19. .>:3f. 3t;t.~. 12411. 2/')(;. 5.?4 ~.57 1~,?8 1 • 0 1 :5 6B.~6 69 .Hi 1, !l?~ • 99 18! · ..,
r5?A ~4.fl 6 (, I.? P, 54.n :i:;rr,:s. ?~762. .~5? :O;~67. 1229'. 1R7. 6.56 ~.8a 1?,?5 , ,I) 13 72.0 8 7? .93' ,,817 104.34
1 
rr;7~. 91 • {. 74475 59'.4 5~~o4. ~31i4°. .>:5A "ia~. 1254. 206. (,.09' 0;.95 11.,5 , • I) 13 66.32 67.1011.823 • 96,22 
r ~ P.A 1'.0.0 732;:>4 59'. , r;r;~fl5. ~1958. .~"'I' ~4~n. 1<' 26. 1Q6. ".21'> " . 1 5 11 .11) 1 , /') 1 3 1'>8.H 69. 06 1 1 ,""4 911 72 
~7~A 89.2 37P.1Q 2".1 1 eI M·5 I • . 10 f)"\;>. • 1 r- 3 fI(l('1 . 1 %9'. 11\8. 4:04 1.57 27.'-'" , ,01 7 42.1'\5 43.521,S70 i 6<34 i 
r 7l,A 77. (, 3651f1 21 •• 7 1 r,r.~'I'Q'. 170 27. .107 7417. 1t.?7 • ~f.3. 4.(17 1 .62 26.60 1 ,n 16 43.'" 43.1I0["R71 · 6~,78 1 
(:7<t, 69. {. 3/,79$ 2~.n "'ir.I .. ~I~. 1714f1. • , 1 ~ (.:lp.~. 1 ~37. ~~2. 4.16 1.80 25.281,016 :45.51 46.18i'·871 67.25 , 
r;'f,A se,O 324';1 2'" . 2 10(1'''1/~ 15901. • 1 32 '52911. 1237. ::>77. 4:46 ":1.01 75.01\1,016 ~(1.40 51.10'1,867 74.32, 
r: 7"? A 44.0 2~('!l4 (7. ~ 7?f_ O O'. 1348'i. • 1 5 P. 3764. 1031. 'H. 4.90 '-.1.4 23.~51.0'5 57,?? 58.49: 1.855. 84.73 : 
r ( n A 93.0 30311. 20. 1 1n~1n;: 16~1~. .01\1 liM! 5. 1510. 412. 3.67 1 .23 32.671,019 40.07 40.'751. 8 72 59.36 
er1:,_ 8(!,6 3r.1?(' 19'. 'I' 11=,:'~26 15121. .ol\~ 'l7r. ? 1529'. ~7f> . 4.01. 1.30 33.301,0 17 (,3.3 9 ' 44.0 6 1 • 85 Q' 63.92 
r r" A 70.5 21l?Rt'. 20.11 13f,f OO . 145/~. .o/)<; t, 71 (. 1360. ~~t'.. 4:05 1 .44 31 .55 1 ,01 7 45.33 46.04 1.1'.66 "''''.93 l-N 
rr-: ~ A ~ 9. 1 ;>so·:>:o 71 . '" 111",1~. 1"':329. .H7 <;1,70. 1;>O~. ;>1\5. 4 .7~ 1 .61 30.451,017 49'. (14 49.80 1.117 0 n.49 
-.l 
rr4A 47.7 235QI' ~, .9 ~/')'I'9 3. 1 :?Olll •• .1 H. 444(,. 1080. H1. 4.48 1.79 30.05 I .016 53,75 54.55 1.8~1\ 79.36 
~r~A '5,1.' 209'36 2::>.:> «~::,"9( 1fH4r;. • 1 I" "1'(16. 9 44. 1 r; 5 . 5.09' , .16 29'. (, 3 1 ,016 64.00 ~4.n 1,~67 91..40 (IAA' 
'3.3 1R'I'RtI n.6 r:;7~t?~ P.L9 f •• .1 ;>B ?95? 1\"3~. 174. 4.79 '.Or) ? I) .• , 2 1 • () 1 5 58. 1 5 58_95 1 • S ~ 9' 85_52 
<::u wt. 70 Isopropyl Aloohol 
RN S <t 4T£ G1 G .. ' Xo Re]. hi n1 i;: I .li. 6' •• 0 A B C D Xtt, Alf ~ 1-
r 1 R 1(14.0 3!!1"/1 , SI. '7 19':"'~R1. '19C~. • 11) 0 7721. 1771. ~7Q'. 4.~7 1. J3 34.74 1,01.4 46 ,3 '48 o7l 1.544 ; 62.37' • " •• I 
r ?II 05.4 3140R 11)' r, 1(,('n~7, ,1 ~ 13. • 1 1 1\ (,341. • 1640. ~l't.. 5.0~ 1.56 3~.2S! 1,0 /,1, 51.1)9' 54.06 1.5 1,4 70.14 . ' 
r ,El 80.8 30't!l2 20.4 13~r(J;. ,0110. • 13' 5S?9. 14110. ;>1>.2. 5.75 1 . 75 31 .81 1,0 /,( 55.76 57.89: 1.')6<; 7<;.74, 
C ldl ~e.9 2Q,1lr- ,1 . f, 1:'?r.'?3:!. 1117u7. • 1 ? 6 5~WL 136'5. ;>77. 4.92 1.70 30.37 ',()G2 51 .49' 53.4" ,. sn 70.09 • 
r ~R 53.0 27r,9R 21 .4 011r5~, 1 7070. • 1 41\ 6(,:P.1. PIIII • "F.. 5': (, ') 1 .99 3n.32 1 ,0 ,8 60.49 62.57 1.604 83.07 [ . 
r ,," ~9.2 26245 (1).Cl 71C:?~, 15(143. .17t. 31(\Q. 125" • 1 ~3. 6:1\1, '.39 31.H'1,O'S 14.~0 76.961.6 1.9 103.91 
r. 7B ?8.4 ;:1.70/" 1 Q'. 0 6~!it):? 1\/.07 • • 17n "R5 7. 1;>4~. 171 • 7.7.7 '.37 32. 77 '_1.r'l3 4 17.59' 7Q.9Il'1.6~2 1 OIL 48 
r OR 93.0 3?'32? 2,. ~ 131' r'M" ,41d7 • • 159 5 ~ 11 . 16'7;'>. ,.'\9'. 5.711 :> .13 27.61. 1 ,1\ ~8 58.~O '60.92'1.609': 81.05 
fr,(\(\ 1\0.5 379'70 ?4.~ 11/.~V, ,317~. .17;l (.MIA. 1567. ;>1\3. 5.9<; '.'30 21\.8(. 1, n ~; 61 .84 "3.91' 1.~21 85.38 
r. ~ 1 R 1'05.6 357 R,) 24.1) 1(\;:>'"';<', ;>213(,. .177 /,,4'.1. 1436 • ;>t..3. 5.91 '.39 2!1.1O ',n~7 ~2."1S, 64.53 1.1;30 I 86.51 
fPll 54.6 3468:> 2~.1 91"71'.. '01\11 • • 11\" M.12. 1 ~S;>. ,'4. 6.16 ~.51 25.9'3 1. n ~6 6<;.12 "7.22,1.6 1.8 90..,1 
(',3 11 43.2 33?"'1 "".4 P.r,I,4~. 1Q (.42. .196 3%7. 1310. ?Cl4. 6.41 ,.68 25.65 1 , 0 ~ 5 (,8.'16: 71.0<' 1.651i 9".12 
C 'IG,n ,3.3 311.26 25.? 7~~;>n. 171.60. .19'1' ~ 117. 1 ;>25. 1A5. 6:~1 ,. 7~ 25.39 1 • 1\~3 69.19'; 71 • (I 5 1.67:1 97.00 
r \ ~ r. 16.8 30f./"?' 24.3 61 r'f'.7. 1tfiSIl. 
.19 " i'P.71. 1251. 1 ~ 9'. 7:39".19 26.83 1 , n ~ 1 74. 96 ~ 77 .05 1.708 10~.21 
r:~"R , 2 • 7 20»61 25.0 5!\r,(l9'. 13fl74. .190 :>0;7, . 1171. 1 57. 7:45 ,.90 26.11. 1 ,O~ 0 75.'171. 77.91, 1.7;>0 107.88 
r I '7R 6.5 271 "1 24.2 5~"1C. 1 2393 • • ,9'1 :>367. 11 21 • 147. 7.~3 '.87 21.04 1 • n 48 77.67.1 80.95 1. nQ' ;";>.43 
r~ R~ 06.2 46377 H. ? ''Ior:;;. ;>7821> • .'01 4917. 13 0 6. 7" t •• 5:;>11 ,.74 19'.64 1 , ,,~5 53.!!1!. 55.51 L 65~ i 75.04 
C1 :)p, 83.3 45r,1~ 33.~ O()(,1 (., ;>6«91. • ;>13 1.1.77. 135 (,. ;>45. 5:54 ,.92 19'.45 1 "O~ 4 56.14: 58.49 1.659'! 79.25 
r.~O~ 6B.2 445:'\1 3 (. . 1 P.,i.,~,5'.i • '~72'. • . '27 3
'
)(,A. 13(15. 2~2. 'LR~ '1;.1 '; 1 ~'. , 3 1,1),3 60.16: 61. 96 1.672 i 84.3!i' 
r;>1t1 51..4 1.25A/, 3'-.11 r.r~"'? ,4001. .:230 :~7(16. 1 ? 2 ~. :? 11- 5 .' 111 'L?2 HI. 7~ 1 ." ~:5 60.33!~Z.14 , .679 84.8, t~'~R 42.5 409'60 $/.. 
" 
'?H76. ;>19C3. • '35 3337. 11'73. 1"4 . 6.06 ~.34 18.7' 1 , n ~ ~ 62.51' 64.28 , • 701 BR.41 
r. ;>; !\ '31. 6 39'411' 35.4 6~)" 76 1 99 54. .,3;> 317.2. 111 5 • 1 !\ 4 . 6.07 ~.34 , $1.49 1 ,n~il 61 .78 : 1S3.44 1 .720 87.85 
r;>4p ;> 0 • 1 36791< 3/1.4 61't-.75 , 1 Rno" • 
. '2" ;>!\M. 1011. 17,. 5.90 ~.33 17.9f> 1, n ~o 59'.75; 61.35 1.7;>~ 85.03 
C;' 5 R 10.2 3415 f1 3?:! 57rS/l, 11.(157. .?20 268:>;. 910'. 1 t'< ~ • 5.65 ~ , ?1 17.59 , ,0 ~o 56.51.[ 58.0 4 1.130 80.65 
('~~r. 99.5 5~1?5 3 0 ' • ., 1(jc:'7~'. "11/..1'. • • ,;>3 <;(.411. 13l1li. ;> 69'. 5.1 5 ~ . 1 0 16.43 1 ,n ~2 So.n: 5(?43 1. ~~'t. 71 .93 
r?7P 81. 5 52573 40.7 9::'\79 . ,946'L • ;140 I. 371 . 129(\. ;:>40 . 5.38 ~.37 1('.03 , ,·0 ~2 54.00 : 55.54 1.6?'4 7~.20 
(;~iP.n 70.!i 50P.77 41 • IS 83::4(- ;>8216. .,5J ,I) 49 12i3. ;> '-1 . 5~5~ ~ . !is 1".70 1 ,0 ~ 1 ~ (, • 1 5 57.73 1 .7 0 ~ 79.42 
C('9B ~9 • 1 49'111 I.?" ;(. ~?~ ,1,735 • • ,511 :>;6% • 1144. ;lOB. 5.50 ~.68 1r;."1 1 , 1\ ~ 1 55.~8: 57.soS 1.7~7. 79.19 
(:;011 1.8.0 4r'.992 4?'- M'r., ~ r ;>4 ... 97. • ,A 4 3,94. 1162. 191 . 6.07 ~.M 1 5.51 1 ,0 ~o 60.11 ; ", • 11 1 .123 85.53 
r31R ,5.5 473~1 41. r, 6r,l,nr, 72/,(1). • ,71 ('97;> . 11 39'. ,76. 6.1.7 1._05 15.76 1,1\,9 63.76' 65.42'1.7 41 91 .24 
C;:4f1 M. (I 60373 46.tS 7:>~ 7i, ?'OR66. · ,or) ;>9 QI) • 1294. 177 . 7.30 " . 31 14.04 1,O~7 60.48: 63. SS, 1.420 71',.4,3 
c?-r;1l 74.4 ~153:.'1 4~.5 69('83. ,I) 39Q. • ~(14 ;>90/ •• 1354. 173. 7:'14 4.39 14.42 1.1\~7 63.21.' ·66.4131. 420:, 82.04 
r:;/I~ (,1. (, 5 Of, 9 I'> 45./) ~~"~r . ,,>\1\40. .~(l7 ?727 . 12BR. 1" 4. 7.1\& 4,49 ~ 4. ~C "O~7 64.21 67.48 , .4? ('I 8 .... 27 
C37P 50.5 51l,';5 4('.~ 5it; 9 1 < ,7515. .~22 :>455. 12511. 1 5, . B.3~ 4.71 14.17 1,057 6 7 .64 ,71.08 1. 4 20'87,72 
Ct:?£l 00.0 63179 54.'> 7FOr, , ~3127. • ~1 n 360n. 115 Q'. ,06. 5.64 4.68 1:>.01 , ,0'10 56. ::? 1 51.71 1.724: 8n.03 
CqA 77.6 6?O11 St..7 66~(,5 V113. .~?~ 3399. 11 B. 196. 5.77 0;.06 11 .97 1 , 0 ~ 0 t'i() • r; 5 ' "2.17 1,"'-;4 : 81>.21 .... 
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1?14P. 
12547 
24767 
73141 
21770 
;'(166(\ 
36323 
359'~t\ 
335r,3 
~81l(\4 
48354 
49'46<; 
35~28 
::4110 
?4022 
23161 
231~n 
25.1;/'126;';49. '6 7 58 •.• 1171. 
25.5 Q/lf)("1. 16135 •• 1401 
i'7.3 111 0 :"1. ,4186 •• 1I.71i 
?7.~ 626(,0. 13017 •• 1720 
34 8 0~c~4 ?0422._.174n 
35> ?!;"~':'9(119 •• 1951! 
36· R ~7~nO. ,~n83 •..• 2'R7 
46." 4~~~4. ;>77111 .• 375~ 
13.2 '1%~~" p, Q 64 .. 043'7 
13.9' 1~7"('5. 11418 •• C~06 
13.3 116(1(.1. 7"'39 •.• CJ""/\ 
15., 75B9,. 6547 •.• 0802. 
14.5 4F01. ~69() •• 1 ?Cl1 
7 wt. % Normal Propyl Aloohol 
hf h}. ~ -L li ()t." 111 Xtt A~ 6"~ A B c D 
6'717. 1320. 324.9' 4.062.1.914 25.561,077148.92-5-i:2·91,.4464 --65.25 
<;385. 1293. 772.1 4.751 2.320 26,00 1,071· 60,32 64.15 1.4525 80.26 
1,496. 1090. 735.6 4.627 2.460 24.28 "o~9 59'.72' 63.f.1 11.4452 79.09 
3529. 1000. 193.9' 5.15~ 2.919' 23.851,0"'3 6~',64 73.581.4460 91. 8 1 
~520 .. 1267. 776.64.560 2.971 19,111 1,OA1 56.78 .59.901.4233 74,03 
.453n. 1155. 2~5.8 . 4.89~ 3.364 18.62, 1,O~9 62,64 65.98 1.4103 81.10 
,451. 10rn. 1M'.9' 5.70~ 4.181 18.071"o~91 75.55 79.5 11 1.405~' 97.63 
30M.1343. 172.Q' 7.767 6.785 14.48: 1,/')~6! 9B.~4 103,141.4037 126.42 
1(01\17. 1Sn. 4115.7 3.2/.~' 0./1111 50.41! "o~8: 41.12:,42.89 1.3378 51.07 
/lM,5. 1286. 394.1 3.264 0.931\ 47. 89,'j' ',044: 44.94 46.73 1.3103 54. 9 6 
(,3<14. 1195. 310.2'·3.1\5' 1.142 50.10 1,·tl42 57.19' 59.38 ,,<,9~~ 69.49 
41°9. 804. ;121.4 3.6311.470 44.1511,()41; 64,89' 67.261,2656 711;20 
1 7.5 
,6.3 
1 ?'. 1 
11', OS 
,(7,4 
?7,~ 
2S."/; 
34,9' 
35.4 
242'. 1163. 142.7 6.04:)' 2.194 46.01! 1,1I3 5 i100.93 104.12 1.249'7i119;02 
20 wt. '% Normal Propyl Alcohol 
1412:>:7. ,<;979 .• 10111 "/193. 1412. ;>AS.9' 4.887 1.467 
11:!;:1·1. 15199 •• 11Cl3 "7B7. 1262. 245.2 5.146 1.705 
37.47 1,~n8 
35.02 1,'111 i 
34.31 1,192. 
B.97 '",80' 
23.961,1 A7 
24.06, 1.1A3 
23.21,1,178 
54.99' "'5.1 9 1.2024 72.81 
61.07 72.00 1.:?070 80;61· 
70.68 82.80 1.2145 93;03 
S8.06i102.24 1.27.47 115;46, 
63.67' 74.32 1.21~'2, 8,.." 
74.22, 1l6,32 1.?204[ 97.28 
81.83,9.4.1\31.:?46S'1108.24 
82.63 ' 94 571.,,474 107,98 
93 , 1 2 10" : 1 9 [ 1. 2 5 3 0 [1 2 1 • 57 
35.6 
;: (, '. ::0 
27. ::; 
17. [; 
1 r,. 6 
1 B. 0 
1l43~7. 141/16 •• 1440 3704. 1140. ~OO.3 5.6~~ 2.060 
o;/l0;;:7 •. ,,1I61 •.• 1I\(o1 tf,(\I •• 1069', 1S5.0 6,1\91\ 2.593 
96P~'. ;>?448 .• 185Q "506. 132R. 214.5 5.664 2.657 
l\1~~7. ;>;>136 •• 21403R11. 1315. ;105.3 6.40~ 3.0115 
6~~~6. 197QB •• Z41n 3010. 1186. 170.0 6.97R 3.526 
66:':!1. '7437 •.• 2914 3434.1399'.189'.1 7.3911 4.37/\ 
54640, '1I"57 •• 3'7~ 2935. 1366. 166.7 8.1915.001 
531S9. 
7(.3n) , 
5~tir3. 
Q"II! "1 .,r.7~5: 
5r;(,~ 5. 
~1Cl5d •. 375S 
'4709 •. 2446 
'~C)·29 •• 21\96 
1731\2. .1544 
1 61l:~6. .1767 
1"'524 .. 21<;-9 
30wt. % Normal Propyl Alcohol 
~5~8. 1390. 144.8 9'.~97 5.403 
3~5Q. 1346. 1~6.0 8.111 3.318 
'2464. 1250. 11.('.3 8.900' 3.96? 
34A~. 1353. 181.0 7.47~ 2.074 
20 70. 1242. 159~2 7.8o, 2.356 
;>270. 1222. 130.3 9'.31\1 2.964 
45 "t. % Normal Propyl Alcohol 
1 8 • 87: , , 1 ,.. 2 : 
18.62 ',157: 
1 8 .42f.-;;i;S' 9~',51 ;72.99 1.1665:134;89 
24,99' ',310,82.93 105.76 1.,383'1'114.31 
23.97 1,299\ 94.98 120.1 7 1.1455 130;38 
36.71 1,4n4' 76.14 103.34 1.1191,"0,60 
35.'01,B4 82.70107.201.12431115.00, 
34.52 1,3~' 102.32 131.43'1.131' i141.51 
? 100.3 20736 1B.7 112~~~. 15~'1 •. 1'1~ 
1 nn.2 1966R 19'.~ An~46. 14888 •• 143 9 
3449. 110R. 1~7.7 7.024 1.571 34.91 ';~n9 54,85 84.17 1.021~~ 85.27 
;>764. 10n2. 1~2.6 7.55~ 1.846 3:5.28 1.('()5 61.43 94.03 1.021)~i 95.17 
60 wt. % Normal Propyl Aloohol 
N S 1 L:.1£ G1 Gy Xo ReI ht hl .!1 I J1. S~.o A S C 0 hI "X;t A~ CS-l. 
, I. 98.2 15041 ., 2. 1 B5~35. 11614.',0791. 3~55 ' .. 681. , 144.6 4.70Q'1.005 29.48 2,1SQ 29'.63 ,·-59: (;-c) : 1, 0003 ~9~:or 
:-:; no.? 1599{, 22.5 11 ::r;;;7. 1'315. .093Q 3411. 71 2. 131 .7 5.40/\ 1.183 211.92 2,1~4 34.20 67.66 1.0003 67.67 
'A 60.9 1 511 11 23.4 R~';"I~n • 1 16Q 2.·.;"Or. ;>1)01. 646. H)2.7 6.2&1'1 1 • 49~ 27.79' 2.1~4, 41 .51 82.11 '.0003 8;>.13 
I,) 98.8 24115 :3 3. (, ., on(,;J7. 1 M:!9. .1562 3(,(,7. 730. 119'.0 6. 1 3' 1.926 19.75 2.,~4 38.03' 75.24 1.0003 75.25 
0 /lo.? ~33B7 33. i Rc 7~ 1 •. 1 79 ~ 7 . .1817 ?451. 694. 1(\1.5 6.83'1 2.241 19.33 2,119 43.30, 85." 1. 0004 85.13 
% Normal - - .-~ --_., -71.5 wt. Propyl Aloohol - Azeotrope 
'0 99.5 18(,04 35.0 1471'rti. 1 (.732. .09(17 434;>. 532. 1 ~!'\. 9' 3.8BI, 1.105 18.61 2'. ~9o 20.56 55.10 1.0000 55.10 
1 8, .7 16R3? 36'.7 11 Q(,[,t'>. 1~3;>9. .1 nOlI 3535. 459'. 116.2 3.951 1. 214 17.73 2. ~9{) :2 1 .53 57.69' 1.0000 57. 69' 
~ 6r.7 • 53% 37. f> 1l2:>:~O • 1'159. .1'87 2474. 40 A. R7.3 4.67l 1 .541 17 . 29' 2. ~90 26.65 71 .42 1.0000 71 .42 
,5 97.4 1'0517 ?4.4 '19~7:"'1. 9120. ,.0445, %05. 4n. 168.0 2.810 0.570 26.(-6 2.~90 15.19' 40,71 1.0000 40.71 
, , 
~ 8;>.5 H,43t. ;>4.;' '14~;4~. 11762 . . O~24 1.296. 419'. ne;.8 3.08" 0.663 26.1<' 2.~90 17.31 46.38 1.0000 46,38 
, 7 (,~ • S 9'450 2 S. 9' Qi1:':O. 741\3. .()71~ ?(l?~. 364. 97.0 ., 3.75' 0.884 25.0~' 2.~90 22.18 59'. t. 5 1.0000 59.45 
(\ 99.1 ;>559~ t.'i',~ _, Ot.;'13. ,n766. .1f>2(l 3199. 5311. 107.2 '5.017 1.936 13.69' 2. ~90 26.50 71 .01 1.0000. 71 .01 
1 70.fi 237'23 49'.1 7nt.~3. -11171l!l. .1933 ;>456. 4B~. 116.8 5.564 2.29'4 13.25 2.~90 30.40 81 .45 1.0000 SL45 
85 \~ t. % Normal Propyl Alcohol 
,5 99.9 ?4C'51l 49'.1 107t.r17. ~091\7. .11'.3' :H. 79. 494. 96.2 5. 1 3 '5 1 .833 13.2 7 :3 • .,72 ; 24. 32 ,~ 70 68 1.0145 '1; .3() 
,6 eo.6 234;>1 4 >', 13 79r.r4. '0266. .202~ ;>6!'3. 470. 76.9' 6.1 n 2.267 13.083,?12 29'.65' 86:,7 1.0153 81,.96 
'r, 99.9 16456 36,. ;> 1 ('(~5H'\. 14576. · Cl 79 6 ~2f,O. 45~. 131 .6 3.451\ 0.924 18'.03 3.272, 16.66 ' 48.43 1.0160 411.90 
'1 8;>.3 14644 38.0 ~~5"r,~. 1;>939. • 01170 to1 96. ~86 . 11 Cl: 9' 3.t.81 1.0(\5 17.15 3.,72 17.24 ' 50.,0 1.0160 50.S!! 
';> , 6" 2 ~3010 39'. ;> ~1 ~';'I>. 113110. .11(19 ;>1\(,0. 337. 1\1 .7 4.066 1 .264 16.61 3.?12 20.99" I> 1 • 00 1.0159' 61; 5? 
'S 98.6 1 U 771 ?3.5 (,1 (,1 i.2. 91 0 b. .0 {.o" ('S2R. 459'. 156.7 ·2.9'21>' 0.496 27.77 3.272 . 13.79" 40.07 1.0170 40.47 
'f, Eln.1i 9'41 Po 24,6 17C2:r~. 111(06. .O45~ 5146 ; 3P,L nO.7 2.9'31 0.550 26.51 3,272[ 1 4. 58 to2.38 1.0145 42.74 
'7 C>?6 7351 2 6'.3 '012(1(,5. 6314. .05S0 ~4?;>. 280. 94. "5 2.9'6~' 0.634 24.76:3,2 72 1 1 5.71 45.65 1.0145 41'..04 
Norwal Propyl Aloohol 
46:91 {,. 97.4 4i!79 14. ? ~1l(,(,n1 • M.69. .0;>;>5 ,1(1~6~. 344. 1 lfl. "5 1.9'29' 0.234 3.385 10.99' 32.9? 1.0000 32.9'2 
5 75. (I 4:!3? 1 6 ,. " 11l4/'\~5. 561<:. .079;> Ml56. 261- 1;1;".1 2.021 0.296 41 .1 4 "5.~85 1 2.1 7 36.48 1.0000 36.48 
6 65.5 3233 1 ; • (l 'i ~3r'r;~ .• 47.117. • O'H 1 ' 4 c 1;1. 1 9!) • 91l.9' 1.9'21 0.313 39.1 7 3.385 ' 12.2 8 36.79' 1.0000 36.79' 
;l 97.n 899'1. 26'.5 ;>nf,~t'9 • <19;>6 • • 00;4(, . 7(,71'.. 340. 1 41 .3 2.401'> 0.527 25.13 3.~8S 13.23 "5 ~'. 65 1.0000 39'.65 
c' n ~.1 811 ;> ;>7.7 ., i'3('~4. 1n7'l6. .0'53;> 6:?r11. 29 ~. 11 9'. ~ 2.451 0.559' 24.00 3.385 13. t.1 40.19' 1.0000 40.19' 
1 6?n 7'uR i'8.4 11 fit,,;,? 91 43. .o7t'>O {.t.nn. 2 5~'. 91 . 5 2.A2Q' 0.716 23,41 3.385 16,76 50.22 1.0000 50.22 
~ '.1 • 0 6349 28.7 r:;"~,~3 •. 11418. .1;1(,' '~25A 221. 'B.1 4. 1 61 1 .1 57 23.1 6 3.385 26.1\1 80.32 1. 0000 80.32 t. • 
(. 91\.4 13579 3 9'. (, 161r.io. 111()05. .100n (.1Fi3. 343. 11 R. ~, 2. RSC; 0.927 16.83 3. '585 1 5. 61 46. n' 1. or,oo 46.79' 
'i Fi 1. :; 13r,50 39'. (, 1 ~ 'I" :-: 7 • '07304. .1:>% 4('9~. ~ ? ~ '. 05 • 4 3.45n 1 .1 47 16. 8 4 3.385 1 ~ '. 31 57.88 1.0000 57.88 
f., f~.? 119<17 4(, . to ntlo " r 3 ·r,~01. .15~(\ 3~?6. 295. 72.4 4.075 1 • 448 16 ,41 3.~85 23. 76 71.211.0000 71.21, 
9 r· n. 11 70'1(\3 51 • 1 t;)r;~r;7· , ... 735. .2130 {.r,5~. 39 4 ~ 84 8 4.6461.935 13.er5 3.385 25.26 75.6~'1.0000 75. 69' 
'0 B1 .3 ?tnl.5 51 . t. f,s;'rA· '6579. · 21lf\ r, "1l57. 39 0. 64.1 6.080; 2.63A 12.97 3.~B5 34.23 102.57 1.0000 102.57 . 
,0 Cl 9 '. 1 7'6? 1 7 4fJ • 3 (-,1n:;1. "'1.764. ' .3('29 ?636. 54~. 63.7 8.5~? 3.38? 13. 8 2 3.385 46.'14 140.07 1.0000 140.07 
Tables of Processed Results (Six Compartment Evaporator) 5.2D 
Legend 
RN 
S 
Experimental run number 
Submergence 
P Position along evaporator 
Compartment· Number Out 1 et 
2 
3----
4 
5----
6----
---0 
--~-2 
----3 
----4 
---5 
---6 
Inlet 
L 
q 
llT f 
Gl 
G
v 
Length mean 
Heat flux 
Inside film 
Li qu i d mass 
Vapour mass 
value 
temperature difference 
velodty 
velocity 
X Quality 
Re l Liquid Reynolds number 
Inside film heat transfer coefficient 
Single phase liquid heat transfer coefficient 
Xtt Lockhart and Martinell i parameter 
Boiling temperature 
o Surface tension 
percent 
Flange Number 
Btu./hr. ft~ 
of. 
lb./hr. ft~ 
lb./hr. ft~ 
weight fraction 
"t /h ft2. of. 
.u u. r. 
2 0 Btu./hr. ft. F. 
dynes/cm. 
of vapou: 
1~5 
Legend 
A: (X: t )' (:~ f ) 
C : \ _ (y* _ xl (~) t (~) ( dT) 
'.DAB HJv dx 
, 5.2D Water-Glycerol Processed Results 
Present Series of Experiments 
50 VI t. % Water in Glyoerol 
S p , ~T. G] G X Re] hl; hl. bt. , 1b 6" •• 0 A B C D ~ y X tt hl. Alf ~ 1 
1 '00 0 13('3(' ? 1821\0. .11 P 
.. 1.II,R4. 1 (, . :> 11,(,9~'1 ,5717. , , (\(1 23'B, ~978 15' . 19'.65 ' 4. 19' 4:>.7 1 • ,11 5 1 79.1 271 .2 1.1873 300.6 
:> 439~7. 11 .1\ 1/.390'1 1;>71.\1, 01\1 ;145:>;, ~n2 1 51\ . '-~."6 3.54 59.3, 1 • S q 2 210.0 317.3 1.1767 349.8 
3 41[137. 1 ? • ? 1 t.(, fJ9 0 91~ ~ . . 0(," ,51\('. 33'>9 1 hi •. 20.44 2.11;': 57.3 , .577 1 (,1.7 21.4.0 1.1657 26'.5 (, 40n"1. 17.7 1 t..c:'9(l~ ,,749. .043 ?7?7. ?30~ 171. 1~.I.6 2.09 39.1 1 • '376 81 . El 123.2 1.1555 1.54.4 5 40510. ;> 1 . 5 15~1C'/, " 35"1lJ. .0('3 21lR1. 18A8 1 .574 43.1 7tl.3 1 '7 El. 1 0, 5 il' 1 .34 32.2 (,4.11 1.14t.7 
6 35091. ? 1 .4 1 %65(, u. .OOr. 30,50, H>~9 1 R(,. II.Ro 0.50 32.5 1.572 16.4 ;>4.6 1.1343 26.5 
l 41603. 18.fI 2"47. 2210 1611. , 3.19' 2.~0 36.8 1.577 84.6 : 1;>7.5 1.157t 139.2 
;> 100 0 ?r1525~ B243. .0111 
1 33135. 12. R 2r?09/\ 1140U .(,'>2 361\8. 259'7 219'. '1 . 118 ;> • '-2 5~.9 1.578 i 11 9. H 1P-0.5 1.1596 197.3 ;> 30551\ • 9'.4 ?I\~n$\ 92/SU 042 37Q;> . 3263 ;>2'L 14.1>2 1 .89 74'.0 1.577 1'59.9, 210.11 1,1539' 229.7 
3 27571. 9'. [, 2·~'l(/l'{ 711 :S, ,033 :')9rr1 ?9~7 :!2R. 13,02 ' 1 .52 74.0 1 .575 11? .7 1f,9,6 "14~'2 1!!4.4 
4 277 1.( •• 12.7 2'; ~~54R I.94!!. .O~3 4(J 19 . ?176 2~~. 9'. ~ 5 1 .1 4 54.3 1 .574 62. , , 93.4 1.1435 101 .3 
5 27G52. 14.1\ ?·~C>2? 2571 •• . 0'12 41 4/, . 11;58 :),3/\ . 7.80 0.74 46.7 1 .573 34.6, 52,0 1.1388 56.2 
(. 23719, 11, . 4 ?'I r.t.Q~ u. .001! I.27~ 1 6 ~1 244. 11.78 0.28 4R.2 1.57? 1 3 . 5 20.3 1.1333 l 1.9 
l. 2BI.13, 13.5 391'.9, 2103 231 . 9'. 1 1 1. 25 51 .1 1 .574 1'>3.7 95.8 1.1455 104.0 
3 100 0 2Q;:811 8216. ~ 0:''7 
1 17512. R.1i 2()(R(.S1 7159. :(;:>3 5644. 1996 3nl>. 1>.53' 1.05 7P.O 1 .573 82.1 , 123.5 1.1443 133.9 
2 , 5n~. 7.3 3r'114~ 5118,. .01~ ~71\(), 21 (.2 301\. 6.95 0.91 9'3.6 1 .573 84,9 127.6 1.1424 138.3 
3 143'H. 7.(1 3r,25r.1 45:>6. . 01 5 ~772 . ;>(11'11 311 . 6.114 0.74 99.0 1 • ~73 73.' , 11\9.9 1.1411 119.0 
4 142,,(1. 7.6 3r,~F\(,~ 31"'2. .010 51'44. 18711 '1(1 ''L 5.99' 0.56 90.7 1.577. 50.8 76. I. 1.1395 8<!.6 
5 ,34n. 7.3 ,3( ~36~ 1 bM. .005 ~913. 1 &::>9 316. 5.79' 0.37 9'3.9 1 .572 34.S: 51.9 1.1382 56.0 
/\ 11114. "'.2 3(17021 O. .000 59Q2, 1 ilI\1 ~ 1 9. 5.58 0,14 110.9 , .572 15.6 ::>3.5 1.1364 25.3 
L 14392, 7.~ 58(\/S. 1964 3 1 ~ . 6.30 0.59' 9~. 9' 1.573 55.9 114.0 1.1404 90.9 
.... 
60 1 t'I~ 55Q .. t'l476 , . 03~' v< I. (\ 
----- ----
(j'o 
1 1 7 '!,f, I. • 9.n 1 (,':''''>1'0 r;sQs. . (,33 :> 9 7t'I . 1937 184. 'O,~O 1. 47 76.4 , .575 112.2. 16R.8 1.14 B, 183.4 
2 1511;>n. 7.P, 1 ('347, I.5",:S. .027 30H. ::>001 187. 1 0 . 71 1 .? 5 88.1 1 • 574 110.4 HII.1 1.1455 180.2 
3 13R7'" . 7 . , 1 (,t.,5nCl ~5?6. .0::>1 3()R9. 19",4 189. 1n.37 1.02 97.6 1 .574 99.4. '''9.5 1.1432 162.0 
4 137113. fI • I, 1 (,r,,,r,,\ ::>4RC!. .015 315[;, 15011 1 9? R. 'n (\.77 79.8 1 • ~73 /S,.II 92.9 1.1408 100.5 
5 137(o1l. Ho • 5 1 ('(,7;>R 130(. .()I\[l 3~11 13 fl6 19'4. 1>.72 n.r;1 65.4 ,1.512 '53.2 49.9 1.1385 >3.9 
6 11720. 9 '. r: 1M03r; IJ •. ,00(' 3?77. 11 Ri' 197. (,.00 0.19' (,9.4 1.572 n.5 ?0.2 1.1359' 2 1 • 9 
l 143(,,5, . Q'. C' 31(.5, 15';6 19'1 . 8. 1 4 0.113 74,5 1. ;73 "1.11 92.9 1.1418 '00.6 
65 wt. % Water in Glyoerol 
N S p 
'1 A1f G1 Gy X Re l hf \-.1 h, I T~ 6'i'o B c D hI Xtt. Al£ 
°
1 
,1 100 0 6(' 51\9'~ 27577. ,.293 
~ 79n77. 12.9 if ~7'7. 2351l9. • 2 r; 1 1411 i' • 1\113. 10/.. 511.119' 1L65 53. 1 1.~6{, 6 1 8.3, 925.6 1.1086, 9!l4.7 
2 69\,91. H .n i (,1l5Q. 19311"1. ~2()5 1661 . 5919. ~ 13. 5'.17 9.52 59.0 1~56l.. S61.7, 8:0;9.8 1.0 9 75 8 88.0 
3 ('SPR9. 11 • Cl 7?3(\~. 147A~. • 1~7 111(.1 • r;s 0;0 • 124. 44.70 7.~8 58.7 1.562 43'1.4, 6H.2 1.086R 6!lU.3 
4 65707. 18.1. 1'\ '1\92", • 10245. ~ 1 ()~' ~01\7. 3572 • 136. 26. H 5. ~9' 37.5 1. 559 , 111,Q. i' 296.3 1.0764 309.7 
5 
€21f12. ?5.IS "n7~"'. 5446. .n~[; 23~o. 2428. 149'. 16.35 3.30 ?6.8 , • SS? SIl.5 131 • R 1.0664 137.0 
6 57911 • ?5.4 9(,160;. f) • .()O(i ,-65/l. ;1276. 163. 1'1.98 1.22 :> 7 .1 1. 555 33.0 49.1 1.0568 50.8 
L 6671.2. ?O.6 2050. 3243. 133. ~4.44 5.85 33.4 1 .? ~9 195.4 ?91 ,4 1.0770 304.7 
? HO 0 1(1~/"I6~. 21/)68. .176 
1 61174. 11 • I, 1C5112. 1138',. .1 "2 ,-6~7. 5359. 16:>. 3~.O5 6.60 59.9' 1 .5 S9 ~95. 4 51>9.5 1 .0764 616 .1 
;> 537?6. 10.f', 'oM5:3r;. 15398. • ,~4 283;> • 4991). 171- 29'. ;> 0 5.53 64.1 1 : 5 S 8 354. 7 5;>8.6 1.0723 551 • 1 
3 5n~'M). 11 . ~ 1~2111\" 11816. ~ n9 5 ~997 • 45,.,5. ~ 79'. 25.4~' 4.38 f.2.0 1 • S 57 271.6, 404.6 1.06n' 420.9 
I, 50;>B6. 1 5.4 ,,~r.;71,,~~: 111115. .0M, 31£1;> • ~2"'3. 1 8R. 17.37 3.n 44.6 1 .556 ,14~.8" 2, 4. 1 1.0631' 222.2 
5 48o~2. 1 9'.6 1':"57<;. 435b • • 035 337~. 21.50. ,9'7. 12.44 2.05 34:9 , • 555 ",1 . g 106.13 1.059'7 11 0.5 
6 1.;>7613 • 19'. /'. 1~39~>:. u. .00(; ~50? ;>161. 207. ,10.44 0.77 31..6 1 .554 2(,.9, ',0.0 1.0558 41.3 
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5.3 Pressure Fluctuation Results 
Cl 
RN 
S 
6Tf 
q 
X 
0 
Max. A 
Min. A 
Av. A 
Av. F 
Class 
Legend 
Inlet concentration wt. % water in glycerol 
Run number 
Submergence percent 
Inside film temperature difference of. 
Heat flux Btu./hr. ft~ 
Exit quality weight percent of vapour 
Maximum amplitudepslg 
Minimum amplitude psig 
Average amplitude psig 
Average frequency cycles per second 
Clearly defined oscillations 
or noise 
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5.3 Pressure Fluctuation Results 
~ 
S 0 Max A Min A Av A Av F Class Cl RN lIT f F. q Xo 
100 NWI6 100 16.8 104,287 50.9 1.88 1.35 1. 64 1. 32 Cyclic 
NW15 .98 17.7 84,672 30.6 2.07 1.35 1. 74 1.33 Cyclic 
NW13 96 17.9 56,100 13.8 1.43 0.94 1. 21 1.36 Cyclic 
NW10 95 14.5 36,043 6.2 1.08 0.04 0.54 12 Noi se 
NW26 93 8.2 20,427 2.7 0.68 0.04 0.30 12 Noi se 
100 NW17 67 22.3 98,774 67.9 I. 81 1. 13 1. 46 1. 11 Cyc 1 i c 
NW18 68 17.9 86,676 45.3 1.77 1.28 1.56 1.21 Cyc I i c 
NW19 69 16.6 59,366 20.8 1.50 1.02 1.25 1. 18 Cyc 1 i c 
NW20 69 12.6 . 39,860 10. 1 1. 13 0.04 0.44 12 Noise 
100 Noise 100 0.15 0.02 0.09 15 Noise 
80 NTl 100 11 .6 . 58,427 23.3 2.38 1. 73 2.08 1.53 Cyclic 
NT4 100 4.5. 18,065 3.3 0.31 0.02 0.09 12 Noise 
NT2 80 12.5 . 56,820 27.5 1.96 1. 13 1. 65 1.51 Cyc 1 i c 
NT3 60 11.9. ' 57,010 31.9 1.77 1.47 1. 64 1.44 Cycl i c 
NT5 60 6.5 18,273 5.0 0.83 0.52 0.67 0.97 Cyclic 
65 NHl 100 20.6 66,742 29·3 2.71 0.75 1.82 1.90 Cyclic 
NH2 100 15.9 51,161 17.6 1.88 0.72 1. 42 1.66 Cyclic 
NH6 100 5.7 17,359 3.2 0.37 0.02 O. 11 11 Noise 
NH3 80 20.3 64,805 32.2 2.38 1.35 1.67 1.66 Cyclic 
NH4 80 14.7 . 46,640 18.7 1.88 1.43 1. 61 1.38 Cyc 1 i c 
NH5 60 16.8, 46,003 23.8 1.77 1. 35 1. 52 1.37 Cyclic 
NH7 60 . 7.1 . 17,007 4.6 1.22 0.46 0.74 0.92 Cyclic 
50 NFl 100 .18.8' 41,603 11.7 2. 11 0.77 1. 32 1.62 Cyc1 i c 
NF2 100 13.5 28,413 6.1 1.43 0.64 0.96 1.32 Cyc1 i c 
NF3 100 . 7.3 12,150 2.7 0.41 0.04 0.20 11 Noise 
NF4 60 9.2 14,345 3.9 1. 13 0.49 0.77 0.92 Cyclic 
5.3.1 Records of Pressure Fluctuations 
" 
, 
! 
I { 
, 
, 
1\ 
. , 
I 
, 
,! 
,. 
, 
I 
" 
, 
I \. 
1 , 
\ 
\ 
;: '. t 
I \ . 
i j 
L.! 
I' 
.-,-;,-
! , 
1 
; 
i 
, ' 
\ 
\ 
':._,-
\f 
" 
("\\,;,\w' \' \i' -\ ,,\i\,- ;\-1' 
; 
" 
-':,-
, 
1\ .\ t~ 
,/ \\ fl\ I \ If \\ I 
, \, 'I' ) 
) 
!\I I' :" 
L , I"~, j \ ;/ \ ri \ )\/ 
• l ." ~.>'". 
~,f" ~/ 'f I 
V 
RUN NO. 
i'\' 
" " .. -, 
, 
':;. ',,: '.'. 
NF , 
:1 
.\ l' 
\ f 
,. .i.; 
',~, i 
• RUN NO. NF a 
, '-, ._, .' 
."0 ·····'1'· 
0 .. 3 76' ~'! S ~:;I,' = 
J~ 
',I ~"i' " 
':'':/ " . \ i !' 
~ _T ,,;" •• ' .. ;v. :.' . -.~:",). "-, "', '.,,: '-',' 'i' .:-.,"." •. ,-
. r;~ L. ,. 
RUN NO. NF 3 
~" ,'::. 
. , 
. , 
\ 
" 
" ", l'~" - .. ". ~,.(" __ ~1 .~,-t.._~ 
, . 
, I 
'. , 
i 
I 
'; l , " 
,,\: '. 
,'" ". "'Y"\";" ~'". 
RUN NO. NF 4-
147 
.. 
~ , , .. ' 
" , 
, 
. ,,- ':" 
;'~ 
f \ 
\ 
\ 
. , ',.~ 
" :\.1 
i 
.:;' ",--t,' 
" , 
RUN NO; 
i 
I 
I 
i 
• 
'\ 
I 
! 
.'~ , 
~, 
it 
;\, , , 
, 
, 
\ 
RUN NO, 
1\ r\ 
, i 
I 
, ' \ 
, 
',,- ~- .,':< < .' 0' , "'".," " .,~ 
'i:-,--" 1.-::'; '<:; 'I:; ,-.--" 
1 I I \ i , :, i 
• 
, ' 
~ \ I, 
! ! 
"' 
'."" 0-;;;"'::' •• ;.,. ';"''-'-<~.' . 
, , 
I i 
1\ 
I' 
'\ I; 
i i, ! 
1 ! 
~ '." 
NH e 
j 
! 
j 
! 
J\i 
" 1~ 
! \ 
" 
\ 
\ 
i 
RU N NO. NH3 
';". .;! ..... ,. 
0·371) p,2,\~. 
" 
,~ I; 
, , 
i \ i\ J ) i I \~ , I 
I I ,! "iI. f" i 1 n 'I!/', 
, " '/ ' t " , , 
" 
•• ' ,., " .-.l":: 
-:: >~ ;1..(!_=: 
_k':: . 
148 
, I 
,,-... :_-
:\ 
,! 
", 
";,' ',' '.,\.:' 
RUN No. NH 4 
',- ' 
f\ 
! 
, 
, 
! \ 
I 1 
!I 
, I j. I I " 
J 
" , 
'4<s,'-' :'i-' j 
RUN NO. NH 5 
, . 
, . 
/ , 
'., -,~ ,.:> ... :;~. ~';.rii , \'"s':";c"" ">S; ."'" 
, , 
I1 i I J 1 i i I I I 
RUN NO. NH 6 
,,-: ' . ',,: '<" 
'/ 
. i 
I', 
f\UN NO. NH 7 
j 
"1 
" ~ '1 
.! 1 
, \ 
I \ 
,,' \ , 
! 
149 
,-
! 
t 
; ; , 
, 
d , 
, 
, , 
1 ~
," 
" 
, , ~ 
.' 
I. 
1 ~ -~ 
,:' ,'1 
if 1 
i ! 
" i' 
i 
, 
.; , i;' 
',rc; ,..~ .. ,. ""'l," 
, 
i 
! , 
, 
I , 
i 
I 
I 
I 
I 
I 
I 
I 
h ! ~ ! 
,- 1 
I ! 
i 
\ 
\ 
RUN NO. 
\ 
\ 
! 
NT I 
; 
i 
! 
",C-C __ "j 
I i I I j • 
1 
!t , ; ! 
" \ , I . I
f \ i i 
f \ 
i \ , 
I 
! , i I 
f i : , 
i ,\ ; 
il';; 
11 
".,.;,~, • > ,,--,~. 
-, ,'.~. 
Fl.UN NO. 
,"o,j 
i \ ! I 
! \ I \ 
;: \ J \ 
r 
I 
1 j ;, /\ l 
~ I ! j; 
!- ',' 
j \ !~ \ 
\ j \ I I~" 
\1" ' J' i A /' 1/ 
:! \ " '/ i", \} , \ ~ , y 
, . ; VI! ' 
i 
NT 2. 
150 
""., ',' ,,'''.,' 
\ , 
J \ 
R.UN NO. 
,", 
-', .•. 
RU N HO . 
.. , .. 
',! 
RUN NO. 
I , 
I 
r i 
, I 
NT 3 
" .. ",.', 
NT 4-
\ 
'; 
, , I i 
. ··t~':': \~('C ":'<> 
i ! i : 
i~ 
! \,. 
i 
NT 5 
y ~ ',:" 
.. ~L_ 
n , 
151 
i\ 
I,' \ I " 
! '\ . 
i I \ 
, 
, 
'. i\ 
_./ 
~! ' 
-~ 
(. :"!.t .. :;" 
I 
" 
1 
,; \ 
! \ 
I 
) 
1 '::,'-." 
;-. 
I 
i 
, , 
" 
" 
• ,
, 
., 
" 
,; I 
• 
, .. , .. 
I\UN NO. NW 16 
i\ 
, 
I,' " 
'\ 
\, j 
! f 
" 
.' ! 
, r 
\ ' \ ' I 
,I, ! 
' \ " 
,J 
) 
1 
I 
I 
• 
" 
" III 
; 
. '":--. ,". - . ,-.; -. '. 
RUN NO. NW IS 
RUN NO. NW I~ 
,""'-
'0·376('''3,::' 
..'l::..:=, 
~ 
'I' -- . 
152 
; :, 
" " .' ~ . 
. \ ':: .. 
I) :!. 
I " . 
.' i ';., -.~ ,", 
"( \"( 2 ~ 
. -'", '- .. 
;,-;1 'Ai 1'7 
, , 
: .",-
RUN NO. NW ID 
~::_ "5ec::"" "'>' c 
I, I i I I1 11 ; I 
.,"" . 
153 
".,\ 
. y- ., 
I ' 'I " ,1 ! . ' " i ,; -~,", . , ~ . 
,,':J'\i\h, ''','''' :,' .. i\JJ"l!'I",i'; (';li\lj;\Vy:\y'\V'I l\j\}"'\'f~!j\~"V' • ,. ~ ".-" -', "I " , ;; I, j \! ~ .., . 
. ' I I "." J q .' ; ,. \ ~, ' l 1 
- ' .. -. _" ''' .. '. ',_ "i ...... CIL~ ': ... : ,.'.' " .... '.' 
f\.UN NO. NW Z6 
"" '. "'.'." ,-'". " . 
• ••• 1 
RUN NO. NW 17 
i, L • . "':~' ~ ~ .".,., Ij'\ o '3i'G f)~j·t,·~'. ," 
, -'~'-; 
--" 
, , " ,.; .1'. 
-I: ':'- I'';' 
; "; 
! . 
'\ , , 
~ \ 
, , 
',' i 
V 
'.' .. '<. 
-:. 
. ' 
_ ".- _ A"" _~.' 
.,' , -' 
". tl \,; 2;:· 
, ' 
;' 
! 
:\ 
RUN No. NW 18 
/1 
./ ! / '\ 
I \ I 
! 'I .' I 
l 
154 
" . ~. '.' ,~-', .'-;;. 
C '-376: ;:~::;,:).:, 
1 
. :. ,-
. "'.'" ',.,'. -", ... -.; ...... :~ . 
; ,-.,_,.' ~".' r, '-. 
i ; \ ' 
/1 t! 
I I"~ 
':1 
'. I. 
" 
, \ r\ \ 
\ ' I 
1 .' '.;'~ c 
RUN NO, NW IC! 
i I ' I 
:, . '. , .-'" . -' 
" - ,- eo,: '.' ,~.' "'." 
-,' .","":" 
:1' 
o -376 pS'S' 
-,::L 
. _i' 
10.""''-'-~ .... ' ";" .. c:"'", '"''' .. ,.... --;;;-"'-'~-:;;..w.;' --:.,:-.~;;;-'-''-., ..;.;.;.-; ~'-:';';:j:r '''; :';' -:~~....£i·;'~:-;':-J.::-',,' '..:'""' .;2.;;::~;.;.:,z.;;..:.;.;.;;:.;J 
RUN NO. NW 20 
:('/ .-
.:. ' .. 
NOISE 
155 
Tables'of Results for Empirical Correlation (5.4A, 5.4B & 5.4C) 
RN 
hf 
hi 
Xtt 
Tb 
llTf 
·x av 
A 
B 
Xo 
Legend 
Experimental run number 
Inside fi lm heat trahsfer coefficient 
Single phase 1 iquid heat transfer 
coeffi cl ent 
Lockhart and Martinell i Pa rameter 
Boiling point 
Inside film temperature difference 
Average concentration of non aqueous 
component 
(1 + x )1.75 
av 
(_1 )(Tb)O 
Xtt 7ITf + xav 
) I .75 
Exi t quality 
(Length mean) 
2 0 Btu./hr.ft. F. 
2 0 Btu./hr.ft. F. 
mass fract i on 
weight fraction of 
vapour 
5.4A Isopropyl Alcohol - Water Results 
156 
(Gadsdon GI) 
10 wt. % Isopropyl Alcohol 
~f 1. Tb 
RN hf ,hI hl 'Xtt ATf .X ,A :a Xo av 
C26A 1441 , 370 2 .3. il9 2':;8? 211.67 0 0;'00 1.1257 48 4 0.119 
C27A 1449. 342 6 4.':!3 ~.21? 21).68 0 0650 1.1165 51 1 0.,45 
. C28A 1 (,2 n . 313 4 4.'i3 2: 441 2) . 35 0 O,;2~ 1.1119 55 2 0,11'.0 
C2 9 A 13\l8. 289 2 4.53 2':~0'l 20.11l 0 0625 1.1119 56 1 0.1(\4 
C30A P23. 257 2 1~.7'5 :"':82? 19.11 (j ()60n 1.1071, 59 9 0.183 
C31A 1118. 224'6 4. "8 3'"07r; 111.75 U 0600'1.1074 63 Q 0.1 Q8 
C3;>A 095. 190 8 '1.;>1 '1:-:>; 8R 18. ~ 7 0 .Oj91l 1.1055 68 1 0 215 
C:;3A 907. 183 2 ('. Q 5 1"~3~ 17.'i6 0 OS7,) 1.1.119 62 5 0.202 
C3'iA 1309. 27 0 2 f.. ill, :1'>6, 16:r;2 0 0";00 1.1074 59 I 0,211 
C3";A ,;>48. 240 3 S .19 3':636 16.;>1 0 . O~95 1.1064 65 2 0,233 
C3?'A '1187. 217 0 5.47 ~r: 1\60 16.24 0 0580 1.103"1 69 3 O,2f.6 
C3RA 1124. 19 9 2 5.64 4':061 15.87 0 0~7r; 1.1028 71 1 0,254 
C3C)A 1103. 1119 8 5 • <1'1 4':181 1~.RO 0 0<;50 1.n9R2 72 6 0.259 
C42A 1?55. 230.3 5 • t.5 4:281 14.1'5 () 0<;75 1 .10;>8 67 4 0,270 
C4~A 1702. 208 2 C; • ?'7 1 .... 65~ 1 I,. (') 3 0 0560 1.100l! 71 8 0 289 
C44A 1 ' 8C) . 19 5 2 6.rJ9 4':9n 14.nl.l 0 0';5(') 1.0982 75 6 0,302 
C 45 A 1156. 18 , 9 1'..15 5: 1 5 ~ 13. R9 0 0~51) 1.0982 78 6 0.313 
C49A 1300. 216 , 6.1'1 'j ': 2 511 P. ~8 () O'i6o 1. 1 000 72 ~ 0.322 
C50A 1;>71. 209 7 "'.06 5'"~3'" 12.45 1.1 0~5S 1. ()9 Q1 73 11 0.325 
C51A 1248. 2f')O 0 6.~4 5'"'567 11'.1'8 0 0"5() 1.0982 75 1 0.336 
C5?A 1 ?2Q , 1117 5 ,~ • 56 'j ': 118/, 12.25 () 0~4~ 1.1l973 79 " 0.352 
C57A 1;>54. 205 9 
'" , ')0 <;':()4 7 11 .15 ,) 055.) 1. !l982 72 11 0.358 
C58A 1:'26. 19 5 9 (, . 26 6:1 5 ~ 11.10 U 054n 1.0964 74 11 0.3"'7 
C7~A 156Q • 388 2 4,n4 ,"57;> 27. ;:>6 0 0700 1.1257 48 2 0,1 n3 
C74A 1477 , 362 7 4.17 <·67.~ 21\."'0 0 0675 1.1211 48 4 0 1117 
C7'5A 1 :'\31. 321 6 l. .16 1':1\00 2~.28 0 067<; 1.1211 51 11 0118 
C 7f, A. 1237. 27i' 1 I ... / .. 6 2':009 2<;. (H) 0 0650 1.1165 56 3 0.n2 
C7?A '1()3~. 210 3 I" () u 2'.441 . 2'1.65 0 0601) 1.1074 63 9 0 158 
C80A 1"1<1. 41 'I 6 ~. (,7 1·:~?6 32. 67 II 0 765 1,1377' 45 6 0.0r.1 
C81A 1529. 378 3 4.14 1 '."30~ 33.30 0 0730 1 • 131 2 49 1 O,OilS 
C8?A 1'(60, 335 9 4.15 -. ':437 31 .55 0 0720 1 .1294 51 2 0.00 5 
C83A P03. 284 7 4.~3 1:61 1 311.45 0 070n 1.12">7 55 2 0,107 
CS4A 11)8:1. 240 8 4.48 1 ': 71\<) 31).05 0 Oli9n 1 • 1 239 60 4 0.118 
C85A 944. ,85 4 ., . 19 2':1(1) 20.63 
" 
0';6~ 1.1193 71 1\ 0 142 
C86A 832. 173 5 4.79 -. ':997 29.12 0 0615 1,1101 64 6 0 P8 
20 wt. % IPA 
'. C 1 B 1771 . 379 5 -4.67 1 ': 3 31 34.74 0 1,;on 1.2966 59 9 o . 1 00 
C 2B 1 (.4~, 324 4 5.06 • ':C;6? 3-';.23 tJ 1600 1, ;>966 ,<,7 4 0 118 
C ~B 1481. 28'; 9 
" 
.~5 1"7S~ 31.R1 (j 1"5" 1.'863 71 8 0.132 
C 4B 1165. 277 1 I,. '} 2 1 >~9'" 3n.~7 u 1525 1. ::>820 ,<,6 I) o . 1 26 
C 5B 1'88. 228 1 ';,/,5 ~ ':99 ~ 31). 3 ~ 0 1440 1.7.655 76 5 0.11.8 
C 6B P57. 183 3 (., . ·'16 2': 19 ~ 31. 16 l! 1325 1.2433 92 11 0.174 
C 7B 1;'43. 171 0 7.27 ~':361l 3~.77 0 130,1 1. :>3R5 96 1 0,170 
C 9a 1677 . 289 5 C; .. ;' 8 :>'.'12° 27.66 0 1420; 1.?625 74 4 O. 1 ~9 
C10B 1:;67. 263 5 5.°5 ?':30 /, 2"'.114 0 14011 1.2577 77 11 0 172 
C11 B 1436. 243 0 5./)'I 2:39~ 26.1U u, n7'; 1.2529 78 :~ 0 ,77 
C17.B ):;82. 224 4 I'. . ~ 6 :>':511 2~. Q.3 .) n45 1.2471 8, 2 O. ,85 
CnB 131(). 204 3 (.. • !" 'I 2"1SIl~ . . . 25. ('5 0 1111' 1.24114 85 I. 0,1e>6 
C 1/,B "; '25. 185 1 A.o; ?:~~?C; 2S.0;9 0 127" 1. ~3U 1\5 ~ 0,1 0 7 
-
20 wt. % IPA 157 
~f 1. :b 
RN h f h1 hl Xtt AT f x av A B Ko 
C15B 1751 . 169 3 7 .19 2'J9~ 26.1l,5 0 1190 1.~175 91 3 0 194 
C,6R 1171 . 157 2 '7 ,45 ~ ':0 0 ~ 21>.16 () 116(\ 1.?117 01 <} 0.1 0 9 
C17R 112' . 147 0 7.63 ~':1171 27.04 0 1 140 1.~O81) 93 8 0.1(15 
C,8R 1"96. 26" 5 ~ .~8 ., ''74 19.64 0 1320 1.74?'3 66 8 0.201 ". , 11 
C1 0 B ·'!'iS6. 244 9 '5.')4 ~':01 p, 19.1.5 0 noo 1. ;>3115 70 ') 0.213 
C 2() R no·s. 221 8 ~.!18 ~ .. 1 4~ 19.1.5 \J 1?70 1.7327 '74 2 0 2'7 
C21B 1<'23. 21 () 5 ~. 31 3':'?1 ~ 111.76 0 '1250 1.2289 74 1 0.230 
C22B '173. 1°3 5 1\.,~6 3.3411 18.71 () 1210 1.;>213 76 3 0 235 
C23B 1 1 1 5 . 18 3 6 6.1)7 1':341 18.49 (j n60 1.2117 74 9 0.2~2 
C24B 1(\11. 171 4 <;, ° Q 3:3211 17.96 0 11511 1, ;>093 '72 3 0.2;>8 
C25B 919. 162 6 5,('5 3.;>15 17.59 0 1 'I 4,~ 1, ;>0'1,) 68 3 0.220 
C21\B 1~83. 269 4 <;, 1 5 3':10' 16.4,5 0 1 ?25 1.7241 62 4 0.V3 
C27B 1290. 239 9 'i ,38 ~ '. 360 .) .. . . 11\. 1)3 0 122 () 1,?23(! 66 1 0.240 
C28B 1'23. 221 3 ~.';3 ~ '. 5 71 1 <;. 7V () 12011 1. ~104 68 5 0.2"3 
C29B 1144. 208 0 5.<;0 1'~68n 1'i.71 0 1 20 () 1,2194 68 3 0.258 
C 311 B 1162. 191 4 6.17 ""Il~'7 ~'.. I 1 5 . 51 0 11511 1 • 7098 72 7 0.264 
C31B 1139. 176 2 6. 1,7 t"'14~ 1 5.76 0.1110 1. ;>023 76 7 0.271 
C34B 'I c9 4. 171 2 7.10 1.:307 11.. . IJlt () 194,~ 1.363<3 82 S 0 300 
C35B 1 ~5 4. 172 7 7.~4 I,: ~ Ill, 14.42 11 194n 1 • ~638 A6 ~ 0 304 
C36B P8a. 164 3 7.114 1,",90 1/ •• 3\1 0 11)4(\ 1 • ~638 87 6 0.307 
C37B 1?58. 151 0 11.:>:3 4·~nl. 14.17 0 .1940 1.3638 92 3 0.3;>2 
C42B 1159. 2,15 5 5."4 4:63' 12.01 u 1 1 5:) 1 .209 is 68 Il 0.318 
C4'iB 1133. 19 6 3 5. n 5':0511 11 .91 0 1150 'I. ;>093 73 3 0.3;>5 
CI.4B '123. 11)0 6 5.119' ' ... ·114'" 12.04 I) 115 r) 1.7098 70 6 0.3;>5 
Cl,S B 1 098 . 178 8 
"'. • 4 <;:0311 1 ? . 0 1 0 114n 1.:>08\.1 73 1 0.333 C51R 1347. 203 8 (, ,r,1 r;:671l 11.2\.1 0 11lRn 1 .1966 76 0 0.3(,5 
C5?B 13(1) . 198 6 
'" .59 ~':626 1 1 . 07 .) 106~ 1.1938 74 4 0.359 
...cS3B127.2._J79 8 .7. )8 .. 6: 161 1 n . Ov 0 106~ 1.1938 81) 2 0.387 
.;0 wt. % IPA 
C 1 C 2454. 2"~ -~ 9 1 • . ~ I 2':823 36.70 u 2;>5 (l 1.',264 145 il 0.270 
C ?C 2,12. 206 9 1 n • ,,9 ? ':0 71 33.1l2 0 224n 1.4241. 143 1 0.2,2 
C 'iC 2n93 • 197 5 1IlJ·O :::0711 32.97 0 220n 1.4162 143 6 O. 2~9 
C 4C 2:>85. 187 1 P. ~I 3':34~ 34.42 0 2'7~ 1.39·19 160 1 0.255 
C 'iC 2033. 1'74 7 11 .63 3':481\ 32.36 0, 2n2~ 1.3809 1 r; 5 5 0.265 
C 6e 1477 . 163 6 9 ."3 1:~56 27.11 0 2075 1 .39 119 1 ~2 8 0.21.9 
C '7C 1202. 153 3 7 .. '\4 :; :140 24.80 il 2()n 1.~784 11)8 0 0.2/,0 
C BC ~ '8~ . 154 4 8.10 ~.06~ 21\.45 0 19()~ 1.351\8 1 116 4 0 2;>3 C 9C 1 • 68. 148 9 7. ,14 ,:?:!\3!. 26.48 I) 1nn 1.3300 99 1\ 0.209 
C11C ~t\94. 19 , 4 R.:lS 1': 5 0 3 24. 09 0 2~25 '1. 401 il 122 6 0 268 
C1?C 14 73. 1 59 2 I) . ~5 1:567 24. 79 il 187~ 1 .~ 509 119 5 0.21,5 
C'I'IC 1603. 171 1 9. 17 3:726 24.48 () 2n20 1.3799 '125 a 0 2~2 
C14C 'j 779. 188 9 9.42 :":480 2 ~ .t.5 () 208n 1 • 3919 123 :~ 0.265 
C1 C; C 1699. 181 9 Q .. 14 J:53~ 25.1)3 u 2090 1 • ~9 39 123 5 0.21i9 
CH.C 155">. 167 4 9.29 ~.: 6 2 ~ 24. 68 0 1975 '.~7()il 1 :2 2 6 0.272 
C17C P29 . 147 4 1\.14 1:361 2'1.18 0 179.' 1.334u 1 I) 3 0 0.246 CIQt 1;>4°. 203 6 6.13 3:761 17.53 I) 2120 1. f.()"O 110 1 0 249 
C20C 1?36. 191 5 "'.1.5 1:4411 1'7.60 0 2020 1.3799 84 1 0.l1l2 
C21 C 'i" 41 . 180 0 f..14 ":': 481 1?74 0 200n 1.3758 82 6 0.2113 
C27C ~ n93. 169 8 11.'.4 ::, 62 0 17.06 ,) 195!1 1.~()53 84 ~ 0 2?2 
RN 
, 
C2'lC 
C2 /.C 
C27C 
C2Re 
C20 e 
C3nc 
C3 1C 
C3;>C 
C4~C 
C4t..c 
C4'>C 
C51C 
CS;>C Csoc 
30 wt. % IPA 
~f 
1075, 
1027, 
, 155, 
1107, 
1042. 
'i 0 4t... 
1 ()11 . 
980. 
'132. 
i 1 60 . 
'11u8. 
"27. 
1153. 
1077 . 
~1 
163 0 
149 0 
191 2 
,83 7 
174 2 
163 9 
159 9 
,52 3 
171 4 
179 2 
162 5 
1779 
167 0 
1.74 0 
39 wt. % IPA 
h f 
~1 
6. ~9 
6.119 
1\. , 4 
1\ .. , 3 
~. <:>8 
1\,37 
';.32 
1\,1.3 
6.6~ 
(,.53. 
l\.flZ 
li,'4 
1\,91 
.6. ~9. 
.1 
Xtt 
:1: 1\11 A 
-":721 
~:~I'f'7 
':':R4' 
,.017 
".~O" 
4.n1lO 
'<no o 
'; ':~) R 
5 ': ~ 2 0 
';.1.41. 
".45 7 
~':790 
6':t)7~ 
C 10 nu7. 193 7 6,74 ,':0\11. 
C ~o 1'127, 162 8 R 15 ~~400 
C 'ID 1358. 150 3 9:14 ~~64'l 
C 4D 126?, 138 5 9.'2 ~~R2' 
C 00 1'19';, 154 7 7."8 :;':347 
C100 1079. 148 1 7.~9 1':"94 
C1?D 10 94, 152 5 7,~S 4.22A 
C',llo )n07, 143 8 7,niJ ·' .... 361. 
. C2<;D ... i..1.Z.~.,o.152 7'0.7, 36 ... S~·01 1 .. 
yO wt. % IPA 
:b 
~Tf 
17.113 Il 
17.'lo 0 
1 4 .!l6 i) 
1r •. lid \) 
14./.\1 ,) 
14.6.5 I) 
14.54 0 
1' •. '>90 
"I.?i'U 
11 .30 i) 
11.;>13 0 
1 I),;.'!d 0 
1"./.9 () 
oR •. oO .. 1> 
x 
.av 
1R9n 
11l0'; 
199 " 1(31) 
11l7"> 
1i12S 
11\11) 
1( 51) 
17 2<; 
1751) 
,7 ()I' 
168n 
166<; 
1695 
A 
. 
1,'l5~8 
1.337" 
1.3748 
1.361 d 
1, 'IsO') 
1.3409 
1,3379 
1. '>261 
1.3211 
1,3261 
1. :H 62 
1:31::!3 
1,3093 
.1.,3152 
30.60 0 ~50n 1.6908 
3~.2j 0 3300 1,1.472 
3n.39 u 3300 1.6472 
29.1d 0 3~5n 1.6364 
1R.~d 0 3251) 1.6364 
1R.~j 0 310n 1,6041 
1~.~6 0 20 00 1.~615 
11..71 0 2:15n 1. ~509 
13.19 U 2~50 1.<;0119 
II 
115 
86 
76 
76 
76 
73 
79 
79 
79 
78 
80 
73 
79 
71 
98 
120 
132 
,35 
" n 1 
,05 
,no 
99 
99 
158 
. 
o 0.274 
4 0.271 
6 0 21\1 
R 0 21\6 
2 0.200 
f-, 0.20 5 
4 0.2 0 7 
.~ 0.2 0 4 
2 0.372 
7 0.31\9 
Q 0.376 
6 0.377 
6 0.393 
1 0.413 
3 0.1<;9 
il 0.2110 
3 0.218 
7 0.2-"2 
Il 0 274 
7 0.202 
7 0.3':5 
6 0.3"S 
11 0.3~5 
C'1 G 1070 ,J10 00. 73 2':().?~ __ 2] . ?L06 75\1..?~-"-66? 143 0 0.193 
.. 
C 1U 
C :>H 
C OH 
n wt. % IPA 
781. 107 7 
676, 86 9 
537. 96 8 
87 wt. % IPA 
C 11 738, 95 5 
C :.! I 725. 79 6 
C ~r 715. 71 1 
COr 734. 79 2 
Cpr __ ~U... 73 6 
C 1K 
C ;>K 
C :';K 
C17K 
100 wt. % IPA 
70B, 87 2 
744 74 7 
746, 69 6 
635, 67 1 
1·:73 t• 
2,1 P 
1'"060 
... -.. " 
21 .53 
20.22 
1'i.:.!5 
.. - . - _ .. _- - . 
o 7500 
1l.7~on 
cl 7t.5,1 
2.66~7 99 4 0.163 
2,6621 113 7 0.2111 
2.6494 79 ~ 0.1A7 
7.:'3 
t) • ~ ~ 
1!l,,15 
Q.~7 
° .67 
2"011 19.11 0 870n 2.0904 115 
2:460 1A,RO 0 B7 00 2.<:>904 ,:>;8 
2.7811 1!l.64 u 870n ~.09n4 155 
~"A7' 16 ~1 0 8700 2.0904 ,39 i~?O'l ... 12:97 0 8i'O"Z.0904
0
,43 
., 0.2"0 
R 0.2/,4 
4 0 275 
" 0.2113 
I 0.358 
B.'3 2:31' 20 05 1 
o. 06 ~J54 2': n4 1 
10,~3 ~,076 21.1;' 
o 46 '.', n 12 A9 1 .-------.~---~--- -~-~---.-.----
0000 
OOon 
0000 
OIlOO 
3.3636 
3.3636 
3,3636 
3,3636 
1"6 il 0.261 
,94 9 0 3~9 
211 7 0 3~2 
1R1 2 0 4~0 
159 
5.4B Normal Propyl Alcohol - Water Results 
(Denning D2) 
1 wt. % Normal Propyl Alcohol 
RN 
225 
226 
227 
2211 
231 
23~ 
li 1 
. _._---- --~-
1320. 324.9 4.06 
1293. ;>72." 4.75 
1Q90. 235.6 4.6~ 
10~0. 193.9 5 16 
1267. 276.6 4 51! 
1155. 235.8 49n 
1083. 189.9 5 7' 
236 ~3.!.3. 117.." 7 7? 
257 1513. 465.7 3 25 
25812116.394.1 32n 
259 1195. 310.2 3.85 
260 81'14. 221.~ 3.63 
. 2618§3~_142 ..7 __ 6, or; 
20 wt. % NPA 
.1 
JCtt 
1 .914 
2.320 
2.4('0 
2.1)19 
2.9?1 
3.~1i4 
4.1 81 
6.1/\5 
0.816 
0.9~8 
1 .142 
1.470 
2.1 9 4 
Tb 
ATf xav 
'5.51i 0.1'1575 
'6.JI'I 0.05 3 1'1 
,4 2/\ ,1.1)510 
?3 85 (l.041)5 
19.110.1'141i5 
.8(,~ 1).1'1441'1 
.8 o? ').1'1435 
'4.4/\ "1.1)420 
~O.41 0.03<;5 
!~7.BQ ().0335 
0:0.11'1 0.0320 
1.4.1~ O.n3()5 
r.6.u1,n.n21i5 
A 
. -
1.1n2S 
1 .0946 
1.090" 
1.0118~ 
1.0/\2)\ 
1.078~ 
1.0774 
1.07 1.7' 
1.0"'29 
1.0r,94 
1.0<;67 
1.0';40 
1 •. 04611 
·B Xo 
...... -- - -_ .. 
53.0 0.117 
66.:' O.14rl 
65 .• ,).q~ 
75.10."" 
61.~ O.17t. 
67. ~ 0.19'; 
111J O.~~" 
100;.r, O.~?t, 
4~. 7 0.041, 
4? J .. 1).1'1';. 
60." 0.06' 
6R.'- 1).08·1 
105.7 0.121'1 
26? 1412. 288. 0 489 1.41i7 ~7 47 
263 ~262. 24~.7 5:15 1.71'15 ~5 82 
264 1140. 201'1.' 5.6" 2.060 ~4 3~ 
26'1 '069. 155. A 6 9~ 2.503 ~3.9? 
267 13~8. 23~.<; 5.66 2.(,<;7 ,3.96 
268 1315. 205.~ 6.41'1 3.085 '4.~1i 
269 1186. 170.0 6 98 3.526 ,321 
27;> 130 9. 189 ,1 74~ 4.378 .8 B7' 
27~ J.366>_,,-66 .• L,8"1.? __ ~.OnJ .. _,.8. 62 
0.16'05 1.2995 71.~ 
0.'0545 1.2nS3 7!1.~ 
0.14RO 1.2?32 90.0 
0 .• ~"5 1.2<;68 111'1.7 
0.'441'1 1.2"'5~ SO.A 
n.14~5 1.2~87 93.1. 
0 .• 360 1.2500 '02.~ 
(\ 1 2 I, 5 1 2 n~ 1 01 r; 
0'121'10 1'2194 11~'~ 
. - -" _. ..- - .. 
0.10' 
0.11 0 
0.·44 
O.1IHI 
0.18~ 
".214 
O.~41 
1).2Q1 
0.3?1I 
~o wt. % NPA 
297 1390. 144.R 960 
32;> 1346. 166.r. 8.11 
32~ 1250. 140;~ 8 91 
327 1353. 181.0 7 48 
32R 1242. 159.2 7.80 
.12.9_..1_2?2-,_13Q.,~9. 313 
45 wt. % NPA 
5.403 .8.4~ 1).20115 1.3929 '38.~ O.~7~ 
3.318 '490 0.2430 1.463~ 121 ~ O.~4' 
3.962 ,3.9? 0.2350 1.4468 137:4 0.290 
2.074 ~6.l1 0.2660 1.5110 1'~.1 0.1~4 
2.3~6 ~5.10 0.~615 1.5116 124.~ O.17~ 
2 • 9 6:..:4,,---,~c..:4-,. S!,._ Q. ? 5'1 S. j . 4788 ~ 51 . ~ I).? 21) 
33;',-08.157.7 702 1.571 ~4911\-:42101:8{94'01:r:O;121 
333 1 0(l2. _ 132 •. 6_.7·~ 5? __ J~!,6,,--_'I;.:...302l\_2~~'!.~O 1 .8l,49 113. ~ 0.144 
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60 wt. % NPA 
~f 1 Tb 
RN hf hI hI Xtt ATf xav A :B .xo 
394- 68" 144./\ 471 1.0(\5 ,9 411 1).<;835 2.2/.76 6(-,.1, O.07Q 
395 712. 131 .7 5.41 1.1 11 3 .,8 9:? 1).~850 2. B90 76."- O. (IQ t. 
396 646. 102.7 6.29 1.493 '7.79 0.58-'0 2.2~90 92.0 0.1211 
39Q 730. 119.!1 6 13 1.1)7.6 . ,9 .7e; 0.<;845 2.2:>;77 85 .• 0.15/\ 
4Yl 694_,~O'.5 6 84 2.241 .9. B 0.5810 2.2;>91 96.S o .18? , .... '-'.. . 
11.5 wt. % NPA 
-4!in--5~2 . 136.9 3 89 1.1 ()5 18.61 0.71~0 2.5 7 02 52.'1 0.091 
481 459. 116.7. 3.95 1. ;'14 17.73 0.7'~0 2.5702 55.~ 0.100 
482 4(18. 87.3 4.67 1 .541 17 _ 29 0.7150 2.5702 68.~ O.12Q 
485 472. 168.0 281 0.~70 '6.6/\ 0.7150 2.5 7 02 39. fl 0.045 
48/\ 419. 135.11 3 OQ 0.663 ?6. 1 , 0.71<;0 2.5 702 44.<; O.O'P 
487 3(-,4. 97. () 3.75 0.G~4 'S.()Q 0.7150 2.5 7O<! 57.1\ o.on 
49n 538. 107.:? 5.0;> 1.1)36 13_ 69 0,710;0 2.5 702 68 .• 0.16"': 
491 483. 86.11 5.56 2.29 4 13.25 0.7150 2.5702 78.1 0.193 
.. _ .. 
085 wt. % NPA 
- ··--9---·6--------·---445 494: 96.' 5 -:-f~-,_:_A33-13_:-27 :1.852"5 2. '.1 71."- 0.163 
446 470. 76. Q 6.11 2.2/\7 '3.,,11 1).1',5:'0 2.91.57 87.~ 0.20;:-
470 455. 131 .1\ 3.4(-, 0.97.4 ,8 u3 0.115(-,0 2.9<;13 49. ;> 0.080 
471 31\6. 110.9 3 43 1 .005 '7. 15 0.R5~5 2.91.99 5il.i'. 0.08 7 
47:> 332. 81 .7 4.0i' 'I .2(-,4 16_61 0.115';0 2.9/.85 61 . 0 0.111 
475 459. 156.7 2.93 0.496 '7.77 0.1\5 11 0 2.9569 40.11 0.n41 
476 383. 130. 7 2 93 0.550 '6.>1 0.11520 2.9r.02 .42. Q 0.045 
477 2110.94.3 2. 97 0.634 ,4 76 0. 11 520 2.91.02 46.:> ().O5~ 
100 wt. % NPA 
-4.,4 3 47;:<7 !;\:~"'-i'~"9 3C---O:t ~-4-Z·6~-97-'i__:t'iti"!) o-:r:36-3 6-37:~-(C<f2:C---
I,' " 2 (, 1 . "20 .• 2 O:! 0.20 6 1.1.1 /• ".1\0"0 3.3"-36 40. 0 0.020 
4,]6 100. 98. Q 1 9? 0.313 ~9 .17 1.00('10 3.3636 41 • , 0.031 
4,,9 340. 141 • :; 2 41 0.5;>7 ,5 1 3 1.'1ono 3.3(,36 44."> O.O~C; 
411) 292. 1,9.? 2 4~ 0.559 ,4 (, I) 1. '10')0 3.3636 45. ,. 0.05.1 
4' . I ' 259. 91.5 2 8~ 0.\"16 ,3 41 1.flO'l0 3.3r.31, 56. I. 0.07(, 4p 2? 1 . 53. 1 4 16 1 .1 57 ,3 1 (-, 1 .110110 3.3"36 9 ~ .... 0.12·, 
41{· 3!,3 , 1111.° 2 8Q O.Q ::>7 .6 8~ 1. ()O"O 3.31;3,1, ." -J.::. .. "\ 0.101'1 
415 3;>9. 95. I, 3 45 1 .147 16.84 1.0000 3.3(-,36 65. 'l 0.12C; 
416 20 5. 72.4 4. 07 1 .448 16.41 1.1)01)0 3.3636 79.0 1).150 
41l) 394. 84.1\ 4 65 'I 035 • 3. o~ 1.0000 3.3(,36 85 •. : 1).2n 42/\ 30 0. 64. ~ 6.0;\ 2.6111 , 2.97 1.fl000 3.3636 11';_~ ').::>811 
4(.~ 543. 63.7 852 3.3112 '3.87. 1.0000 3.31,36 157.' f). %~ 
.... - . 
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Present Series Of Experiments 
SO wt. % Water in Glycerol 
~f 1 Tb 
·RN ·h f hl hl .Xtt ATf ·x av A B Xo 
2173. 483,5 4.50 1n8.1.19 -T 1 0.597 0.2000 1.3758 89. (, 0,026 
T 7. 1779. £.3 I •. ? 4 09 0.6~O "3 P 1l.~OOO 1.3758 79 .. C; 0.(\2 7 
T 3 1562. 341'.': 4 59 0.736 113 . 15 0.201)0 1.37 58 84." 0.1)3; 
T L '71.9, 145.'" 12 O~ 1.~C;2 t>.7 31. O,20/')0 1.3758 22:1,~ 0.09 (\ 
T '; 20~5, 379.~ 5 34 1. 1'1'8 ~4.1C) 0.:10 00 1.3758 M. R O.I)~~ 
T 
'" 
187.1. 333,7 5.46 1 . 31'13 
-'0 5? O,20/)0 1,3758 90,'" O,O6~ 
T 7 1756. 2613.0 6 55 1.536 ~0.57 0.:!0'i0 1,31151) 1U7.~ 0.07t. 
T 8 1565. 193.7 8 03 2. 111 1.6.25 0.7.1rlO 1.3Q60 136._ O,1QJ 
T Q 197'1. 7.96. 0 6 66 2.0~8 -"7.311 0.21"10 1 . 30 6n 1()5,.~ n.o9C) 
T111 '80 5, 7.53.(, 74" 2·3',4 ~6.21'1 1'1.20'10 1.3)159 1111 J O,11f-
T11 1706. 197. <; 8.61, 2.97.6 ~4 U1 0.21'50 1 ,41\61 , 3Q'," n."4'1 
TP 16 1 3. 143.0 11 .2n 4.123 ~2 .. 16 1\.?1~0 1.4~27. 187.' 1\.;>0'" T13 1862. 7.19.7 8.41\ 3,441 '7 .24 /'),?2!10 1,4167. 132,11 0.17 1 T 1{· 1794 .. 19 1),7 9.40 3.979 '6 43 0.:!2·'0 1,4162 148." n • 190 
T15 1682. 14~.7 11.47 5.066 ,5 .5i' O,23no 1.4~66 185. 7 0.253 T17 18\)3, 156,? 1,,5 /, 5,'758 "1 61 0,<'400 1.4c;71 181 • ' 0.286 
,65 wt. % Water in Glycerol 
H 
" 
25 t.8. 322.1' 7.91 0.643 "1 21, "'.~750 1.'71..51) 1 36, ~ 0.020 
~ , 2183, 7.84,1 7 61\ 0.709 1~4 .GC; '1.371\0 1. 7~41\ 1211,1 0.03:'-
H 3 1539. ,,'(1,0 7.' 2" 0.072 79. G7 0.,7110 1.7343 1'tC)," O,n4,~ 
~ I. 1532. 16<!.n 9.46 1.1 9 4 "7 11, 0_~7110 1.73411 151),0 I), 057 
~ r:; 13~4 • 7.81.6 4.'70 1 ,1"9 "9 .3" 0, ~7/"10 1.7:':48 81) .. '.:\ O.05~ 
H 6 HR7, ?37,~ 5.84 1.1,11 '0 .30 n ,3MO 1 .7127 97,'-. 0.067 
~ 7 1367. 194." 7.0:- 1 . ','61 ~9 .29 n.~5O;o 1. 71\ 1? 117.7 1).01\~ 
H 1\ 1183, 13 t... 0 8 n 2.47'7 ~4 9'1 0.36110 1,7127 1411.:> 0.12.? 
H 9 16<;1, 7.17." 7 61 2.042 ~3 25 1),36-"0 1.'7~04 117.r, 0.101 
H1n 1630. 182.1 8 9;! 2.4110 -..2 6-=: (),36~0 1.7194 130 . ? O,12t. 
H1~ 15') 2, , 49 , :> 10 41) 3.053 ~1 311 0,3650 1,7;>31\ 165,' \'.15' 
H11j 15('5. 174,7 8.96 3,212 '4 6i' n, ,8110 1 .70; 71 13~,O 0,16:> 
H14 16 (lO, 1 4~. 1 11 . 2i 3,Q62 "4 75 1),3750 1 ,7459 171.;> O.~OO 
BO wt. % Water in Glycerol 
F 1 2'164. 7.25:
" " 
6" 0.611 114 51 .,:5450 2: 141') 14°, ° 0.02$1 
!l , 2070. 197.' 10 51) 0,6°4 1"7 81\ 11.'13~0 2.11611 1 5'1, " O.()3' 
F 3 1660. 165,11 10.01 0, Rn5 1\9. 21\ I'. 'l2~0 2.100') 151.~ 1\.1)311 
F r:; 1797. 190,3 9.41. 1.164 ~1 .66 0.<;4110 2,"89 1211.' 0.05(. 
F (, 131,6. 165.11 8 24 1.]53 !.2.S4 1).<;31)0 2.11'148 121 • , O.06A 
F 9 141\5. 154.6 
" 61 1. Q 28 31.89 ''- 5450 2,1 1.10 131. ? 0.097 
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6 Interpretation and Discussion of Results 
6.1 Correlation of Pure Water Data (Length Mean Values) 
Heat transfer data from the boi ling of a liquid in a tube have often 
been correlated by using the relationship; 
, )b 
= A (_1 
Xtt 
(6.1) 
where A 'and b are constants derived empirically and 
I 
= Xtt 
( 
x )0.9 (!l)0.5(\lV ) 0.1 
I - x Pv \11 
(6.2) 
In the present case the physical properties were taken at the boiling 
poInt and the quality (x) and liquid velocity (VI) were averages of the 
evaporator inlet and outlet values. The Lockhart and Martinelli 
Parameter (X tt ) was calculated only when both the 1 iquid and vapour 
Reynolds numbers were greater than 2000 which conformed to the convention' 
for its use. 
• 
A plot of hf/h l versus l/Xtt for water data (Fig. 6.1.1), obtained 
by Gadsdon (Gl) and Oenning (02) working on a copper tube evaporator 
as well as from the present series of experiments on stainless steel 
evaporators, yields the following; 
( 
I ) 0.55 
= 2.72 X 
tt 
(6.4) 
which compares favourably'with the equation found by Wright (W2) 
I I ) 0.58 
= 2. 72 lx tt 
Denning found that 
= ( 
I ) 0.65 
1.87 X 
tt 
resulted from his experimental water data alone. 
(6.5) 
(6.6) 
Despite the close similarity in these ultimate equations the 
experimental scatter is extensive. Though a computer program 
was used to determine the line of best fit through these points, it 
is probable that all the correlating equations of the same form 
determined by previous authors (2.3) are applicable to various 
degrees since the data lies over a 400% range. 
The results from the present series of experiments with pure water using 
the single compartment evaporator, when plotted as hf/h l versus I/X tt 
for each film temperature difference ~Tf (Fig 6.1.2), show that a 
series of parallel straight lines can be drawn through each group of 
points with the same 6Tf • The lines move down with increasing 6Tf 
which suggests that the ratio of the inside film heat transfer 
coefficient to the all I iquid convective heat transfer coefficient 
is inversely proportional to the inside film temperature difference, 
at any constant value of l/Xtt ", 
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This is caused by the effect of ~Tf.on Xtt • As ~Tf increases the quality ~ 
and pressure drop increase. llXtt is mainly dependent on the ratio of 
the weight of vapour Wv to the weight of liquid Wl . An increase in 
~Tf increases Wv at the expense of Wl consequently causing an··increase 
In l/X tt . This is borne out in that llXtt increases with decreasing 
submergence, for the same ~Tf' as Wv/Wl increases with decreasing 
submergence. 
Bennett et at. (B1) also found that hf was not solely dependent on 
llXtt but also depended on heat flux and modified his correlation 
correspondingly (Eqn. ·2.14) to take this into account. 
Fig. 6.1.3 of hf versus ~Tf indicates that the inside film heat 
transfer coefficient is an Inverse function of film temperature 
difference which is consistent with Badger (B2) who achieved a similar 
result when he derived an empirical equation where 
The increase for the highest values of ~Tf at submergences of 100%, 
80% and 60% and the constant increase of hf with ~Tf in the case of 
40% submergence are probably caused by changes in the heat transfer 
mechanism due to the effects of increasing quality. 
The inside film temperature difference is related to fluid flow in 
that as ~Tf increases the quality and vapour velocity increase while 
at the same time the circulation rate decreases. These conditions 
stimulate nucleation, however, not sufficiently to compensate for 
the decrease in the forced convective contribution. Dengler and 
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Addoms (D5) attributed the inverse relationship between heat transfer 
and temperature difference to a pressure effect. Runs with higher 
temperature differences entail higher pressure drops and qualities and 
consequently greater abs~lute pressures for fixed exit pressures and mass 
flow rates. As a result, at any set quality there is a lower convective 
contribution. 
Another effect of increasing the temperature difference is that fluid 
flow oscillations also increased. A corresponding periodic increase 
in the film thickness can result which aids the nucleate boiling 
contribution to the heat transfer process. 
Values of hf/h l uniformly increase with 6Tf as shown in Fig. 6.1.4. 
This is due to a decrease in the liquid flow rate with increasing 
6Tf which occurs under natural cirCUlation conditions and produces a. 
decrease in hi' 
A plot of hf/h l versus I/Xtt.Tb/6Tf in. Fig. 6.1.5 shows that the 
scatter of the experimental data can be reduced to well within + 20% 
limits. Tb has been introduced to nondimensionalise the factor. 
This is consistent with the work of Coulson and Mehta (C6) who found that 
hf ~ (T) 0.85 b 
The water data of Gadsdon and Denning were similarly processed and 
added to all the water data from the present series of experiments 
(Fig. 6.1.6). It can be seen that all except five points (96%) lie 
within the ~ 20% limits and these points lie at the lowest values 
of hf/h l and (1/Xtt ) (Tb/6T f ) where there is a significant nucleate 
boiling mechanism contribution. This is substantiated In that the 
exit weight qualities ar~ very low (1.4-1.8%) which is a condition 
for high nucleate boiling contribution to heat transfer. A similar 
trend was also found by Bennett et al. The correlating line, based 
on a computer calculated line of best fit, gave the equation 
(6.71 
This compares with the coefficient 0.061 found by Denning from his 
experimental water data alone. 
6.2 The Effect of Surface Tension 
Plots of hf/h l versus I/Xtt for IPA-water, NPA-water, and water-
glycerol (Figs. 6.2.1-6.2.3) show an extensive scatter over an 
almost 400% range which is simi lar to that found for water. This 
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Introduction of Tb/6Tf (Figs. 6.2.4-6.2.6) reduces the scatter to a 
range of about 200% resul ting in the data being along I ines according 
to concentration." There are thus still effects which are not 
accounted for. 
One factor which has been consistently ignored or dismissed in the 
correlation of boiling liquids in tubes is the surface tension. 
This seems to be because I/Xtt was derived using air-water mixtures 
under adiabatic conditions (MI). However, it was suggested that 
significant changes in surface tension could influence results. In 
the present circumstances it is no longer justifiable to exclude surface 
tenSion effects. 
Cravarolo et al. (Cl), in work on the Lodkhart and Martinelli parameter, 
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commented that the correlation took into account all the relevant 
physical properties of both phases except surface tension. They 
ultimately found that l/Xtt should be modified by the factqr 45/01 
which, it wi 11 be seen, i.s in the same form as that concluded from heat 
transfer trends. 
Guerrieri and Talty (G3) found that plots of hf/h l versus l/Xtt for 
various pure organics gave a series of lines. The ratio hf/h l 
decreased with increasing s~rface tension. Badger et al. (B2) 
ascertained that a decrease in surface tension reduced the maximum 
size of vapour bubbles and consequently increased the heat transfer 
coefficient as far as the mechanism of nucleation was involved. They 
ultimately determined that hoc 0-2• This relationship is in 
agreement with Chernobyl'skil (C9) who, working with ethyl alcohol-water 
and b~nzene-toluene mixtures boiling In a vertical circuit with natural 
circulation, util ised an expression given by Tolubinski i et al. where 
h oc 0-0. 5• The observations concerning bubble size are consistent with 
those of van 5trill en worki ng on binary mi xtures (52). 
Frost and Kippenham (F2) determined that reducing surface tension 
by adding a surface active agent improved nucleation by reducing 
the superheat required to generate a bubble. Hence the number of 
nucleation sites increased and the bubble population increased. The 
bubble growth period was found to be equivalent to the time required 
for liquid between bubbles to evaporate. This decreased as the heat 
transfer increased and consequently the frequency of bubble formation 
Increased. 
Heat transfer is a function of the inverse of the surface tension, 
howeve~ Piret and Isbin (P2) introduced a variation such that the 
factor was dimensionless. They succeeded in correlating data from 
five organic liquids onto a single straight line by using the term 
The difficulty in adopting a surface tension factor such as a H20/a l 
Is that in the case of binary mixtures the concentration in the bulk 
of the liquid is different from that at the liquid-vapour interface. 
Consequently, the surface tension will be different from that of 
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the bulk liquid. This is a significant point because of the influence 
of surface tension on bubble nucleation and thus heat transfer. 
y 
Vapour-Liquid Equilibrium Diagram 
As shown in the accompanying equilibrium diagram the concentration 
of the more volatile component at the liquid-vapour interface (xi) 
Is less than that in the bulk liquid (x). However, the value of xi 
Is presently Indeterminate which means that the corresponding surface 
tension cr. is also unable to be ascertained. It is thus necessary 
I 
to use the obtainable value x* and consequently the related value 
of surface tension 0+.. It is probable that the actual value xi is 
close to X'~ as the evaporative process is ·1 iquid phase controlled. 
* The dimensionless factor OH 0/°1 
2 
was adopted. I t was found to 
correlate all the pure IPA, NPA and their water azeotropes to within 
+20% when raised to the power 0.9. That is, 
(6.8) 
The result of this is shown in Figs. 6.2.7 and 6.2.8 along with the 
effect on the other binary mixtures. The situation concerning the 
water-glycerol solutions, Fig. 6.2.9, is also improved. The overall 
scatter has now been reduced to between +70 to -20%. The power 0.9 
possibly acts as a correction factor for the error in estimating the 
concentration of the more volatile component at the liquid-vapour 
Interface. 
6.3 Non-Azeotropic Binary Mixtures 
The surface tension factor suitably takes into account pure IPA, NPA and 
their water azeotropes, however, it can be seen that other 
compositions tend to be displaced above the correlating line. 
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In their experiments with binary mixtures 5criven (516) and 
van 5tralen (52) found that heat tranfer was a function of 
concentration and in aqueous mixtures was greatest where water was 
In high excess. 
In the case of a pure liquid vapour bubbles, which are taken to be 
at the dew point, must grow ~hile passing through the superheated 
liquid. The rate of bubble growth depends on the flow of heat towards 
the bubble boundary to satisfy the requirements of evaporation. 
However, this is not the only mechanism operating in binary mixtures 
as thermal diffusion is coupled with mass diffusion of the more 
volatile component. The more volatile component gives a bubble 
in equilibrium with a liquid boundary layer which will have a lower 
composition and therefore higher temperature than the bulk liquid. 
Heat flow is reduced from the superheated liquid to the boundary layer. 
The only way that the composition and the dew point of the vapour 
can change and further vaporisation be permitted to occur is by mass 
diffusion between the boundary layer and the surrounding liquid. However, 
the mass diffusivity is of a smaller order than the thermal diffusivity. 
This results in a slower growth rate at a constant superheat, bubbles 
of a smaller departure size, a higher frequency of vapour formation 
on generating nuclei, and a higher bubble population. 
The radius of a growing bubble in a superheated liquid of uniform 
superheating is given as a function of time (53, part I).by the 
expression: 
R = c e t! I 0 
/ 
(6.9) 
where Rj Instantaneous bubble radius 
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.C l ; bubble growth constant 
00; superheating of the heating surface 
t; time elapsed. 
At a constant degree of superheat the growth constant is the governing 
factor. Scriven (SI6) and van Stralen (S3) give comprehensive 
expressions for the bubble radius andu1.timately determine that for 
a binary mixture the bubble gro~th constant 
where 
I:.T 
G 
(6.10) 
(6.11) 
and x is the concentration of the more volatile component in the bulk 
liquid phase and y*is the equilibrium concentration in the vapour 
phase. (S3. Part 1. Eqns 12 and 13). 
These can be rearranged to give 
C l.m 
. { * Ua)t(C )(dT)} (6.12) 1 - (y - x) _ ..L_ 
o Hlv dx 
For pure 1 iquids (S3. Part 1. Eqn. 10) 
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C 1 , P = (~2y (6.13) 
(6.14) 
where Cl is the bubble growth constant for the less volatile pure 
,p 
component. 
Now 
a = 
k (6.15) cpPl 
C = (~2t t~ (6.16 ) a 1.p 
. PvHl v 
Thus the relationship between the growth constants for pure liquids 
and binary mixtures (53, Part 1 I) is; 
(6. 17) 
Both components in a mixture will be evaporated as the bubble grows, 
however, since the more volatile component will be present at a higher 
concentration in the vapour phase than in the liquid its concentration 
in the liquid at the wall of the bubble will tend to decrease. Diffusion 
of this component through the liquid mixture will compensate for the 
consumption of the more volatile component. At the wall of the bubble 
a dynamic equilibrium is maintained, the concentration depending on the 
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bubble rate of expansion. At the bubble wall an equilibrium temperature 
is· similarly sustained through a balance between the heat consumed in 
evaporation and the flow of heat towards the bubble. The rate of 
expansion governs this temperature. 
Concentrations and temperatures at the wall are related by the boiling 
point curve if thermodynamic equilibrium at the wall is assumed. The 
growth rate has to be such that concentration and temperature satisfy 
this relation. 
5tephan and Korner (517) al so found that the bubb 1 e size is part 1 y 
controlled by the equilibrium.difference(y* - x)where the sign was 
immaterial. The bubble diameter was reduced by the greatest value 
where(y* - x)was largest. Thus, if the 1 iquid and vapour components in a 
binary mixture have the same or nearly the same concentration under 
equilibrium conditions, the mixture can be considered in the same way 
as a single component from heat transfer considerations. 
Ultimately, an existing empirical equation for the heat. transfer 
coefficient to pure liquids can be used. It will then be appropriate 
to'modlfy the equation to take into account the effects of a binary 
mixture when the equilibrium liquid and vapour show different concentration 
It is seen from Figs. 6.2.7-6.2.9 that the effect of surface tension is 
suitably accounted for, however, in the case of non-azeotropic binary 
mixtures the additional effects discussed earlier are not yet taken into 
consideration. 
Figs. 6:3.1-6.3.3 show the relationship between 1 _ (y* _ x)(%)t 
(~)(dT) versus composition. A connection is evident between the ~-HI v \-dx 
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term 1 - (y* - X)(%)t (:~v)~~:) and the deviation of the binary 
mixtures from the basic correlating line. The mixtures have p06rer 
heat transfer properties than pure water and thus lie above the 
correlating line becausedF the effect of l/Xtt . The binary factor 
corresponds to a relationship between heat transfer to pure components 
and binary mixtures and involves a slowing down in the bubble growth rate. 
The factor is thus appropriately adopted as a multiplier (since it is 
always unity or greater) to compensate for the poorer heat transfer of the 
binary mixtures compared with pure water. The equation developed 
previously was thus modified to 
(6.18) 
where the power 0.6 was derived empirically and the binary factor 
"reduces to I, as y* - x = 0, for pure liquids and azeotropes. Though 
the ultimate scatter of the remaining data is not wholly within the 
~20% limits found for pure water, and pure IPA, NPA and their water 
azeotropes, it is considerably reduced and much less than originally 
found in using l/Xtt alone (Figs. 6~3.4-6.3.5). Excluding pure 
components and azeotropes, 63% of the IPA-water data lie within limits 
of +20% and 100% within +60% and -20%, 81% of the NPA-water data lie 
within +20% and 100% between +60% and -20%, and for the water-glycerol 
data 70% lie within ~20% and 90% between +60% and -20%. 
Probably the main source of error in the determination of the correlation 
comes from the extensive range of physical properties requireda 
boiling point conditions. It is difficult to find them experimentally 
determined let alone under boiling conditions. 
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It remains to be seen how the correlation will perform on data derived 
from other equipment and non-aqueous binary organics. 
6.4 Six Compartment Evaporator 
With the installation of the six steam jacket evaporator, condensate 
from each eight Inch section could be collected over a known period of 
time. This permitted heat balances for each small length to be 
carried out as well as the overall heat balance calculated from the 
exit flow rates of liquid and vapour. 
~. 0 9 [ Diagrams of hf/h l versus (1/Xtt)(Tb/bTf ) (OH 0/01)' 1 - (y* - x) 2 
(ex/D)! (Cp/H l ) (dT/dx)] 0.6 for water and 80, 65 and 50 wt. % 
water in glycerol (6.4.1-6.4.4) were drawn for points along the 
evaporator tube having a liquid Reynolds number greater than 2000. 
The length-mean water line derived previously (Section 6.1) is 
shown for reference'. 
The asymptotic shape of the curves in Figs. 6.4.1-6.4.4 indicates the 
changing boiling mechanism as the 1 iquidproceeds up the tube. 
Initially the ratio hf/h l changes very little which signifies that 
nucleate boiling is predominant. Heat transfer is affected by three 
factors as liquid passes along the tube - changes in the hydrostatic head, 
In composition (and related to these two changes in the boiling 
point), and in the flow of vapour. The factor which has the greatest 
Influence is the vapour flow for as vaporisation increases along the 
evaporator so does the vapour velocity. The 1 iquid boundary layer 
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becomes thinner thus lowering the resistancero heat tranfer and 
resulting in higher heat transfer coefficients and lower film temperature 
differences. Consequently the gradient of the curves increases. Also 
with Increased vaporisation, however, the upper part of the tube can become 
dry with a corresponding decrease in the heat transfer coefficient" 
This is reflected in a drop of hf/hl.for some runs. 
As the concentration of water decreases the boiling point increases. 
At the liquid-vapour interface water. passes into the vapour form 
thus leaving the liquid richer in glycerol. The effective temperature 
difference is ultimately lowered. The liquid density and viscosity 
also increase with decreasing water concentration. These effects 
retard the forced convection mechanism which propably explains the slight 
drift with concentration of the length mean values in Fig. 6.3.6 
and In the present graphs for water-glycerol (Figs. 6.4.2-6.4.4). 
The appl ication of the correlation to the glycerol-water results from 
the six compartment evaporator are in good agreement with the pure water 
results. It can be seen that the water line derived ea~lier (Section 
6. I) based on length-mean heat transfer conditions is acceptably 
representat i ve of the rea 1 si tuat ion in the evaporator .. 
The re~ults also show that for a fully developed forced convective 
mechanism the coefficient 0.065 in Eqn. 6.18 should be slightly smaller. 
This would mean that the results from the upper sections of the evaporator 
would lie along the same straight line, however, before such a 
modification is adopted it would be preferable to see the effect of 
similar experiments using other mixtures. 
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6.5 Flow Fluctuations 
In the natural circulation loop used the two arms form a U tube with 
one arm of much smaller diameter than the other. The driving force 
for flow oscillations is caused by a periodic release of vapour slugs. 
The most important factor influencing osci llations is the I iquid flow 
regime up the tube. These patterns are reflected by the pressure 
traces (Table 5.3 and Traces'5.3.1), and as operating conditions 
Increase vaporisation they change. At low temperature differences 
and qualities bubble flow is present. Here a regular and stable 
boiling occurs with liquid and vapour randomly and intimately 
dispersed. Fluid flow from the reservoir and through the evaporator is 
steady and the pressure losses caused by friction, momentum changes 
and the gravity head, which are associated with flow, are equal 
to the pressure difference sustained between the ends of the evaporator 
tube. The pressure traces are of low ampl itude and high frequency 
and have the same pattern as that of "noise". 
As the quality increases bubbles coalesce and form vapour slugs which 
continue to grow while moving up the tube, slipping past some liquid and 
moving the' rest before it. Further vaporisation gives slug-annular flow an 
a pOin,t is reached where a disturbance in the flow actuates a restoring 
force which corresponds to a holdup of liquid in the reservoir. Bubbles 
coalesce forming a slug which fills the cross-section of the tube. The 
vapour slug continues to grow in both directions forcing the liquid above 
It out the top of the evaporator and pushing the liquid below it back 
into the reservoir. The slug finally expells all the liquid above it 
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and is suddenly vented to atmospheric conditions. The back pressure 
which kept the liquid in the reservoir is suddenly relaxed and, since-
the sum of all the gains and losses of pressure, including the effects 
of inertia , must be zero at every phase, the I iquid in the 
reservoir suddenly rushes into the evaporator expelling the vapour 
and completely filling the tube. This restoring force is delayed 
in relation to the disturbance caused by the vapour slug since a new flow 
pattern is not immediately established and-a pressure trace showing 
definite "cycles" results. This sequence of slug growth, break, and 
liquid flow is repeated everyone to two seconds. 
Thus, once a slug occupying the evaporator test section breaks, 
equilibrium will be re-established and distinct oscillatory flow of 
the test liquid in the system makes itself apparent. As the temperature 
difference increases vaporisation increases, magnifying the frequency 
of flow fluctuations. Increases are also apparent with increasing 
submergence because of the increased restoring force provided by the 
reservoir arm. Con~equently, the driving force for flow f.luctuations will 
ultimately depend on the parameters affecting the rate of formation 
of vapour and the hydrostatic head. 
Unfortunately, a quantitative assessment of the effect of flow 
oscillations on heat transfer was not able to be carried out owing 
to the restricted data sample. 
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6.6 An Empirical Correlation 
Plots of lif/h l versus (l/\t) (Tb/lITf ) (Figs. 6.2.4-6.2.6) show an 
appa rent. dependency on the concentrat i on of the non aqueous component. 
In considering the use of a lone concentration term the fact that it 
must reduce to unity for pure water must be taken into account. The 
factor(l + xav) is the most obvious. It's application yielded the 
expression 
(1 + x ) 1.75 
av (6.19) 
where the power 1.75 was empirically determined, Figs. 6.6.1-6.6.3 
show that equation 6.19 correlates most of the data (97%) to within 
+ 30% error limits. However, it should be noted that the use of 
Xav Is based entirely on observation. It Is improbable that all aqueous 
binary mixtures will have the same concentration dependent deviation 
from the basic correlating line when plotted as hf/h l versus (I/Xtt}(Tb/ 
lITf ) so the present agreement found in using xav is open to conjecture. 
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Fig. 6.3.4 
for Isopropyl Alcohol - Water Mixtures 
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for Normal Propyl Alcohol - Water Mixtures 
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for Water - Glycerol Mixtures 
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vs 
for 80 wt. % Water in Glycerol - Six Compartment Evaporator 
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vs 
for 50:wt. % Water in Glycerol Six Compartment Evaporator 
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for Isopropyl Alcohol - Water Mixtures 
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7. Conclusionsand Recommendations 
7.1 Conclusions 
I. Experiments have been carried out using water-glycerol mixtures 
and distilled water as test liquids. At low temperature differences 
and high submergences, two maxima occur in .the inside film heat transfer 
coefficient versus composition results (Figs. 5.1.18-5.1.22;. As the 
temperature difference increases the lower maximum is eliminated until at 
high temperature differences and low submergences there is no 
maximum. The maxima are caused by the formation of minimum sized bubbles 
while their disappearance is brought about by an increase in the forced 
convection boiling mechanism at the expense of the nucleate boiling one. 
2. A plot of hf/h l versus I/Xtt for water data (Fig. 6.1.1) besides 
showing an extensive scatter (+350% to -50%), showed a dependence on the 
inside film temperature difference (Fig. 6.1.2). Data from copper and 
stainless steel evaporators were correlated to within +20% (Fig. 6.1.6) 
by the expression 
= 0.065 (X:t)(:~f) (6.7) 
3. Surface tension has been a parameter previously ignored, however, 
its inclusion in a factor permits pure IPA, 
pure NPA, and their water azeotropes to be correlated to within +20% 
(Figs. 6.2.7-6.2.9) by 
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(6. S) 
4. The remaining binary mixtures of IPA-water, NPA-water and water-
glycerol were still, however, not fully taken into consideration. Scriven 
and van Stralen have developed an expression (6.17) accounting for the 
effects of binary mixture properties on heat transfer (Figs. 6.3.1-6.3.3). 
Taking this into consideration equation 6.S.was modified to 
0.6 
(6. IS) 
Of all the data used, SO% lie within limits of +20% (including 
.practically all the water (96%), and all the pure IPA, NPA, and their 
water azeotropes), and 97% lie within timits of +60% and -20% (Figs. 
6.3.4-6.3.6). The main source of error lie in the physical properties 
required in the determination of the correlation. 
5. Work with a six compartment stainless steel evaporator showed that 
heat transfer coefficients increased up the length of the tube except 
at high qual ities when a decrease became apparent at the top caused 
by the onset of dry wall conditions (Figs. 5.2.1-5.2.10). 
6. Application of the correlation (6. IS) shows that boiling changes 
from a predominantly nucleate boiling mechanism at the bottom of the 
tube to a predominantly forced convective one at the top (Figs. 6.4.1-6.4.4) 
The length mean results are representative of the actual process 
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in the evaporator, however, the correlation needs a slight modification 
~ 
to account for fully developed forced convective heat transfer data. 
7. Flow·oscillations were caused by the periodic production and bursting 
of vapour slugs and the subsequent surge of liquid held up in the 
reservoir. Oscillations were thus influenced by factors affecting the 
degree of vaporisation and the hydrostatic head (Table 5.3). 
8. The expression 
(6.19) 
correlated 97% of the total data to within ~ 30% (Figs. 6.6.1-6.6.3), howev 
the use of the term (1 + x
av
) was entirely empirical and void of any 
theoretical basis. 
7.2 Recommendations 
1. Since the maximum evaporator operating temperature is about 155°C. 
which is governed by the maximum steam pressure able. to be del ivered 
by the boiler it is preferable to use test mixtures with boiling points 
around 100oC. or slightly lower. This gives a suitable range of 
working temperature difference. 
2. Experiments with liquids of high viscosity, such as water-glycerol 
are interesting, however, with the present natural circulation system 
the test liquid is more 1 iable to be in laminar flow and this should be 
taken into account on the selection of a new test mixture as the 
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Lockhart and Martinell i parameter used demands that both the liquid and 
vapour flow be turbulent. An alternative is to change to a forced 
cl rculation 9(stem by the installation of a pump. 
3. Work on non aqueous bInary mixtures, such as benzene-toluene, 
would be of great use at this stage as all the test mixtures used so 
far have had water as one component. The main difficulty to overcome, 
however, will be the compilation of the extensive range of physical 
properties required at the boiling .point. 
4. Understanding the effect of flow oscillations on heat transfer would 
be facilitated if work with the stainless steel evaporator was 
supplemented with a high speed photographic study using the glass 
evaporator. Though the range of practicable pressures is more limited 
in the glass evaporator the use of low boiling point mixtures would 
allow a larger number of temperature differences to be employed. 
5. The submerged orifice flow meters should be replaced with 
rotameters as obtaining flow rates by taking timed samples upsets the 
equilibrium. This disturbance can be avoided by the insertion of a 
continuous flow metering system. 
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9. Appendices 
9.1 Dimensions of Evaporators 
9.1.1 Copper Tube Evaporator (Ref. Gl) 
1) Heated length; 
2) Inside diameter; 
3) Outside diameter; 
4). Wall thickness; 
5) Log mean diameter; 
6) Inside heat transfer area; 
7) Inside cross-sectional area 
8) Thermal conductivity;. 
9) Steamside heat transfer coefficient; 
47.75 Inches 
0.4B5 inches 
0.657 Inches 
0.OB6 Inches 
0.566 inches 
2 0.5052 ft. 
0.001283 ft~ 
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B 2 0 21 Btu./hr. ft. F./ft. 
. 2 0 2,000 Btu./hr. ft. F. 
9.1.2 Single Steam Compartment Stainless Steel Evaporator ("Staybrite" 
F.M.B. Steel) 
1) Heated length; 48 inches 
2) Inside diameter; 
3) Outside diameter; 
4) Wall thickness; 
5) Log mean diameter; 
6) Inside heat transfer surface area; 
7) Inside cross-sectional area; . 
B) Thermal conductivity (Ref. Fl) 
k ~ 242x(0.03B25 + 0.0000375T) 
9) 
(0) 
2T + T + T. 
where T = steam out In 
4 
Steamside heat transfer coefficient; 
Outside heat transfer surface area; 
0.4BB inches 
0.731 inches 
0.1215 inches 
0.600 inches 
2 0.5110 ft. 
0.001299 ft~-
2 0 Btu./hr. ft. F./ft. 
and T's in °C. 
2,BOO Btu./hr. ft~ of. 
2 0.7655 ft. 
·9.1.3 Six Steam Compartment Stainless Steel Evaporator (Austenitic 
Stainless Steel. 18% Cr, B% Ni) 
1) Heated length; 
2) Inside diameter; 
3) Outside diameter; 
4) Wall thickness; 
5) Log mean diameter; 
6) Inside heat transfer surface 
7) Inside cross-sectional area; 
area; 
4B inches 
0.500 inches 
0.625 inches 
0.062 inches 
0.560 inches 
2 0.5240 ft. 
0.001366 ft~ 
8) Thermal conductivity (Ref. TI) 
k = 9.36 + 0.005 x 1.8 x(T - lOO) 
where T = 2Tsteam + Tout + Tin 
4 
9) Steamside heat transfer coefficient; 
ID) Outside heat transfer surface area; 
9.2 Calibration of Pressure Transducer 
2 0 Btu./hr. ft. F./ft . 
and T's in °c. • 
2,800 Btu./hr. ft~ of. 
2 0.6540 ft. 
Ibs./in~ Current Output Input mV. Recorder unit in cm. 
~,; 
• 5 0.0758 
% ID 0.153 
% 25 0.376 
i 5 0.0372 
i ID 0.0740 
i 25 0.185 
~ 5 0.0249 
~ 10 0.0495 
~ 25 0.123 
max. 2.5 0.00921 
11 5 0.0184 
11 10 0.0365 
11 25 0.0921 
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.3 T::~·'\P:.~f.' '!-.T'-.Inr- ~ M.F. r.n"~~·~-,·-:· 1\.);<":' '-OH !'!IC!O::L CHn0\\~IlH'·i/~LC.SLL ,,\LLJMJNUJf-1 
;-; ~'?': ·' .... e;)}. P";, :-:$ 11',1 J\(:r~.(::-:~~.it"'i·,~C:i: Yin H iJ.S.11rr,': /9.':?, U.:;, .\j:.\ j IOi·~J.\.L (Hjh~:;/'\U 
Uf' Sr,\NDl\itD5 ICIfKUL!>.i\ No. 561) At-ID I.S.A. H!,j'EHEHCE l"/;!lU:S 
r-~-' I TEMP. E.M.F. 
·C. my. 
i---··---
I 
I j 
I 0 0 
I 5 0·20 I 
I 10 0·40 I 
I 15 0,60 20 0·80 
25 1·00 
30 1·20 
35 HO 
40 1-61 
45 1-81 
50 2·02 
55 2·23 
60 2·43 
65 2-64 
70 2·85 
75 3·05· 
80 3·26 
85 3-47 
90 3-68 
95 3~89 
(Cold Junction O°C) 
Applicable Tolerance Limits of Accuracy 
Below 400°C within ± 3°C 
Above 400°C within ± 0·75% 
TEMP. E.M.F. TEMP. E.M.F. 
·C. my. ·C, my. 
'---_. 
100 4·10 200 8·13 
, 
105 4·31 205 8·33 
110 4·51 210 8·54 
., 
. 
.. . 
115 4-72 215 8·74 
... 
120 4-92 220 8·94 
125 5·13 225 9·14 
130 5·33 230 9·34 
135 5·53 235 9·54 
140 5·73 240 9-75 
145 5-93 245 9·95 
150 , 6·13 250 10·16 
155 6·33 255 10·36 
160 6·53 260 10·57 
165 6·73 265 10·77 
I 
170 6·93 270 
I 
10·98 
175 7·13 275 11·18 
180 7·33 280 11·39 
185 7·53 285 11·59 
190 7-73 290. 11·80 
, 
195 7-93 295 12·01 
7 
--
TEMP_ E.M.F. 
GC. my. 
300 12-21 
, 305 12·42 
310 12-63 
315 . 12·83 
320 13-04 
325 13·25 
330 13-46 
335 13·67 
340 13-88 
-
345 14·09 
350 14·29 
355 14·50 . 
360 14-71 
365 14-92 
370 15-13 
375 15·34 
380 15-55 
385 15-76 
390 15-98 
395 16·19 
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9.4 Physical Properties of Water-Glycerol Mixtures at the Boiling Point 
Physical properties included in this section were derived from 
literature, however, those which could not be found were 
theoretically calculated. 
9.4.1 Boiling and Dew Points 
The information for Boiling Point v Composition was taken from 
Timmermans (T2) P.254 
Wt. % water 0 B.Pt. C. Wt. % water 0 B.Pt. C. Wt. % water B.Pt.oC. 
in liquid in 1 i qui d in 1 i qu i d 
D 290.0 10 137.5 60 104.2 
225.5 15 126.8 65 103.5 
2 196.0 20 121.5 70 103.0 
3 179.5" 25 116.3 75 102.4 
4 168.0 30 113.5 80 102.0 
5 160.0 35 111 .0 85 101 .5 . 
6 156.0 40 108.8 90 101 .0 
7 149.5 45 107.2 95 100.5 
8 145.5 50 106.0 100 100.0 
9 141. 0 55 105.5 
The Dew Point data was extracted from Newman (NI) P.20 
Wt. % water 0 B.Pt. C. Wt. % water 0 B.Pt. C. Wt. % water 0 B.Pt. C. 
in vapour in vapour in vapour 
0.0 290 93.26 170 99.440 130 
77.02 200 96.135 160 99.764 120 
84.18 190 97.865 150 99.928 110 
89.37 180 98.870 140 100.0 100 
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9.~.2 Equil ibrium Data of Water-Glycerol Solutions 
This was obtained from Timmermans (T2) P.252 
Wt. % water at the boiling point in; 
Li qu i d Vapour Li qu i d Vapour Li qu i d Vapour 
0 0.0 6 99.2.5 13 99.55 
83.00 7' 99.30 1~ 99.55 
2 98.30 8 99.35 15 99.6 
3 98.80 9 99.~0 20 99.7 
~ 99.05 10 9'9.~5 25 99.8 
5 99.15 11 99.~5 100 100 
12 99.50 
9.~.3 Refractive Index at 2.0oe. 
Ref. Newman (Nl) P.17 
Wt. % water 20 Wt. % water 20 Wt. % water 20 nD nO nD 
0 1.~7399 35 1.~2044 70 1.37070 
5 1.~6597 ' ~O 1.41299 75 1.36404 
10 1 • ~5839 ~5 1 • ~0554 80 1.35749 
15 1 • ~5085 50 1.39809 85 1.35106 
20 1. ~4290 55 1 .39089 90 1 . 3~~81 
25 1. ~3534 60 1 . 38~ 13 95 1.33880 
30 I • ~2789 65 1 • 377~0 100 1.33303 
, 
9.4.~ Li qu i d Density 
Ref. Newman (Nl) P.6 
Wt. % water 3 P1lb./ft. Wt. % water 
3 P1lb./ft. Wt. % water 
3 P1lb./ft. 
0 66.16 ~O 68.53 70 64.02 
10 72.09 50 66.98 80 62.60 
20 71. 17 60 65.52 90 61.26 
30 69.94 100 59.83 
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9.4.5 Vapour Density 
Ref. Perry (PI) P.3-191 
Since no specific data could be found and the vapour in equilibrium 
with the range of mixtures used in the experiments was found to be 
pure water vapour the Ideal Gas Law has been used in determining 
vapour density. 
P x 373 
Pv = 26.80 x 760 x T 
where P: mm.Hg 
T: oK 
At atmospheric pressure: 
Wt. % water B.Pt.oC. Wt. % water ° B.Pt. C. 
10 137.5 0.0339 50 106.0 0.0367 
15 126.8 0.0348 60 104.2 0.0369 
20 121 .5 0.0353 70 103.0 0.0370 
30 113.5 0.0360 80 102.0 0.0371 
40 108.8 0.0365 90 101 .0 0.0372 
100 100.0 0.0373 
9.4.6 Liquid Viscosity 
Wt. 
This was derived by extrapolation to the boiling point of information 
given, in Newman (Nl) P.15, from 0 to 100°C. in 10 CO intervals. 
% water 1111 b. 1ft. hr. Wt. % water 1l 11b./ft. hr. Wt. % water 1111 b./ft. 
0 5.518 40 2.686 70 1.258 
10 5.227 50 1.984 80 1.029 
20 4.743 60 1.549 90 0.847 
30 3.533 100 0.6868 
hr 
2,0 
9.4.7 Vapour Viscosity 
Since no specific data could be found and the vapour in equilibrium 
with the range of mixtures used in the experiments was found to be 
pure water vapour the viscosity of pure water vapour has been used. 
Over the range of temperatures involved in the experiments the 
following equation, from Kaye and Laby (Kl) P.38, is applicable. 
, 
~ = 0.0310 + 0.000092 (T - 100) 
v ' 
where T: °c. 
Ib./ft. hr. 
Wt. % water 0 B.Pt. C. ~vlb./ft. hr. Wt. % water 0 B.Pt. C. ~vlb./ft. hr. 
10 
15 
20 
30 
40 
9.4.8 
137.5 0.0345 50 106.0 0.0316 
126.8 0.0335 60 104.2 0.0314 
121. 5 0.0330 70 103.0 0.0313 
113.5 0.0322 80 102.0 0.0312 
108.8 0.0318 90 101.0 0.0311 
, 100 100.0 0.0310 
Surface Tension 
This was calculated from the equation stated below and given in an 
article by Lawrence-Clever and Chase Jr. (Ll). The ,r:esults agree 
within 2% with values extrapolated from information given at 20 to 
90 oC. in 10 CO intervals in Newman (NI) P.27. 
e (-41. 74 alT) 
, where a: surface tension of mixture 
a l & a2 : surface tens ion of pure 1 and 2 at T respectively 
Xl & X2: mole fraction of 1 and 2 respectively 
T: absolute temperature (boiling point of mixture) 
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Wt. % water aldynes/cm. Wt. % water aldynes/cm. Wt. % water aldynes/cm. 
~ 
0 34.5 40 56.5 70 57.8 
10 52.7 50 57. I 80 58.3 
20 54.7 60 57.8 90 58.6 
30 56.0 lOO 58.85 
9.4.9 Thermal Conductivity 
Information, given in Newman (NI) P.24, from 10 to 80 °C. in 10 CO 
intervals was extrapolated to the-boiling point to obtain the required 
values of Thermal Conductivity. 
Wt. % water kl 2 0 Btu./hr. ft. F. Wt. % water kl 20 Btu./hr. ft. F. 
0 0.165 45 0.252 
5 0.169 50 0.269 
10 0.174 60 0.295 
IS 0.181 70 0.324 
20 0.191 80 0.353 
30 0.213 90 0.382 
40 0.237 lOO 0.393 
9.4.10 Specific Heat 
This was taken from Timmermans (T2) P.266 
Wt. % water 
cpl Wt. % water 
cpl Wt. % water 
cpl 0 0 . 0 Btu./lb. F. Btu./lb. F. Btu./1 b. F 
0 0.576 35 0.748 70 0.894 
5 0.611 40 0.767 75 0.917 
10 0.634 45 0.787 80 0.935 
IS 0.656 50 0.813 85 0.954 
20 0.678 55 0.830 90 0.973 
25 0.700 60 0.852 95 0.994 
30 0.726 65 0.876 100 I .00763 
9.~.11 Latent Heat of Vaporisation 
This was calculated from the formula 
where y: mass fraction of vapour corresponding to x 
HI vl: latent heat of vaporisation of at the bo i ling point 
Hlv2 : latent heat of vaporisation of 2 at the bo i ling point 
given in Perry (pI) P.3.221-2 
Wt. % water Hlv Btu.llb. Wt. % water Hlv Btu./I b. 
0 167.7 40 957.8 
5 831 .0 60 964.7 
10 911. 8 80 967.3 
20 9~3.6 lOO 970.33 
9.4.12 Thermal Diffusivity 
CL = 
This was calculated from 9.4.9, 9.4.~, and 9.~. 10. 
Wt. % water 5 2 ~ x 10 ft./hr. Wt. % water 5 2 CL x 10 ft./hr. 
o 
20 
~O 
9.4.13 Mass Diffusivity 
~3~.0 
399. I 
~57.3 
60 
80 
lOO 
538.6 
612.3 
678. I 
This was calculated from information given at 20 °C. in Garner 
and Marchant (G2) and using the Stokes-Einstein equation, 
Perry (PI) P.I~.23-2~. 
= 
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of x 
of x 
Wt. 
t.T 
9.4.14 XX 
% water 
0 
20 
40 
DAB x 
5 2 10 ft./hr. 
32.24 
15.19 
11 .55 
Wt. % water DAB x 105 2 ft./hr. 
60 11.74 
80 12.40 
lOO 14.18 
This was derived from 9.4 .. 1 by drawing tangents and measuring the 
gradients. 
Wt. % water Wt. % water 
0 -3690.0 40 -64.35 
10 - 479.7 60 -28. 10 
20 - 199.4 80 -18.00 
lOO - 7.83 
9.4.15 Conversion from Mole % water to Wt. % water 
This was calculated from the following formula. 
1 Mo I e f r act i on 0 f g I yce ro I = -1:;--+-"W'---x:"--:9-=-2~. 0::-:9=-
G 18.015 
where W: weight fraction of water 
G: weight fraction of glycerol 
Wt. % water Mole % water Wt. % water Mole % water 
0 0.0 50 83.64 
5 21.20 60 88.47 
10 36.20 70 92.27 
20 56.10 80 95.34 
30 68.66 90 97.88 
40 77.32 100 100.0 
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9.4.16 y* - x 
This was derived from 9.4.2. 
Wt. % water y* - x Wt. % water y* - x Wt. % water y* - x 
0 0.0 50 0.49867 95 0.94150 
10 0.09973 60 0.59840 97 0.95800 
20 0.19947 70 0.69814 98 0.96300 
30 0.29920 80 0.79700 99 0.82000 
40 0.39894 90 0.89450 lOO 0.0 
This was calculated from 9.4.10 and 9.4.11. 
Wt. % water o· cp/HI v 1/ F. Wt. % water 0 Cp/Hlv 1/ F. 
0 0.0034347 40 0.0008008 
5 0.0007353 60 0.0008832 
10 0.0006953 80. 0.0009666 
20 0.0007185 lOO 0.0,01 0384 
9.4.18 a/DAB 
This was determined from 9.4.12 and 9.4.13. 
Wt. % water a/DAB Wt. % water a/DAB Wt. % water a/DAB 
0 13.5 40 39.6 70 48 •• 
10 19.4 50 42.7 80 49.4 
20 26.3 60 45.9 90 49.0 
30 33.4 lOO 47.8 
9.4.19 
9.4.20 
1 - (y* - x) 
( Cl V (5?l)(dT) DAB) H1v dx 
= A 
This was calculated from 9.4.16.9.4.12.9.4.13. 9.4.10. 9.4.11 
and 9.4.14. 
Wt. % water A Wt. % water A 
0 1.0 50 1 . 1139 
5 5.8699 60 1 .0672 
10 2.3075 70 1.0419 
20 1. 5731 80 1 .0245 
30 1.3583 90 1.0073 
40 1. 1946 100 1.0 
Density of Glycerol-Water Solutions Ref. Newman (NI) p.6 
._-_ ... ----------- -- -~ -----_._-_. "---'.---_ . 
.. , 
.. 
: .• '.- %\"1' Density,'gram:;/ml (in vacuo) 
.' Gb/ccrinc .j 
•• mp."C 03 SO 70 ~O SO 40 30 20 10 0 
;:Q5i6j ----.-.-
· 
0 H4683 f '21932 1'19200 1 '163~!) 1'13486 1·10657 1·07892 1 '02517 0'99987 
10 1-24124 1'21440 1'18701 1'15S0!) 1'13101 1-10336 1'07623 1'04951 1 '02414 0·99973 
:20 "23510r '20B50 1'18125 t'153&0 1'12630 1-09930 1-07270 1'046801 '022100-99823 
30 1-22865 f '20231 1-17519 1 '14622 1'12096 1 '09452 1-06856 1-043471 '019160-90567 
40 1-222141-1£1605 1'16920 1 '14247 1'11531, ',08'324 1-01i371 "039451'01552jO'99224 
SO 1'2158 1'1E99!) 1'16335 1'13655 1·10945 1'00380 1'05349 1'035051'01131 Q'!I8807 
60 1'209221'18352 1'15683 1'13015 1·1034 1 '07300 1'O!J291 1 -02958 1-0062r'9B324 
70 1'202691-17670 1'15036 1'12382 1-00723 1-07184 1 -04729 1-023861-000G50'97781 
80 1'1{16'1'-16990 1'14384 1·11745 1'O!)079 1 -OS564 1 -04093 1'017520-994630'97183 
.. 90 1'189611'16332 1'13730 1'11094 1'00423 1'05901 1-0343 "0109*'988400'SG534 
100' \0182731'15604 1'3018 1'10388 1'07733 1'05217 1-02735 1 :00392r98187 0'9.5838 
· dens. at 
· . bp . l'lsm 1-14004 1-12030 1-09763 1·07205 1'04947 1'02530 "002~r9S121 O·gSU38 
,,_·bp ... 133 : 121· 113-3 109 106 104 102-8 10!-8 100'9 100 
~~" _. 
... . 
.... :' . 
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Thermal Conductivity vs Wt.% Vla ter in Glycerol 
(Ref. Newman Nl) 
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9.5 Tables of Physical Properties at the Boiling Point for Water, 
Isopropyl Alcohol, Normal Propyl Alcohol and their Aqueous 
Binary Mixtures 
9.5.1 Physical Properties of Pure Water at its Boiling Point and 
Atmospheric Pressure " .. ' .. 
9.5.1.1 Density of Liquid Water at 100 °C. 
. '3 0.95838 x 62.43 = 59.83 lb./ft. 
Ref. A.A. Newman "Glycerol" P.6 and 
J.H. Perry "Chem. Engr's Handbook" P.3.70 
9.5.1.2 Density of Water Vapour at 100 °C. 
1 _ 3 26.80 - 0.0373 Ib./ft. 
Ref. J.H. Perry "Chem. Engr's Handbook" P.3.191 
9.5.1.3 Viscosity of Liquid Water at 100 °C. 
0.2838 cp = 0.6868 Ib./ft. hr. 
Ref. J.H. Perry "Chem. Engr's Handbook" .P.3.201 
9.5.1.4 Viscosity of Water Vapour at 100 °C. 
0.0128 cp = 0.0310 lb./ft. hr. 
Ref. G.W.C. Kaye and T.H. Laby "Tables of Physical and Chemical 
Constants" P.38 
9.5.1.5 Thermal Conductivity of Liquid Water at 100 °C. 
(0.001624526 g.cal./sec. cm. °C. =) 0.393 20 Btu./hr. ft. F./ft. 
Ref. J.H. Perry "Chem. Engr's Handbook" P.3.204. 
9.5.1.6 Heat Capacity of Liquid Water at 100 °C. 
1. 00763 o Btu./lb. F. 
Ref. J.H. Perry "Chem. Engr's Handbook" P.3.123 
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9.5.1.7 Surface Tension of Liquid Water at 100°C. 
58.85 ± 0.2 dynes/cm. 
Ref. "International Critical Tables" Vol. 4 (1928-30) p.447 
9.5.1.8 ° ° Enthalpy of Water Vapour between 100 C. - 150 C. at 
Atmospheric Pressure 
Hv = 1150.4 + 0.482 x \.8 x (T QC. - 100) Btu./lb. 
Ref. J.H. Perry "Chem. Engr's Handbook" P.3.191-3 
9.5.1.9 Enthalpy of Water Vapour between 95°C. - 105°C. 
H = 1150.4 + 0.37 x 1.8 x (T QC. - 100) Btu./lb. 
v 
Ref. J.H. Perry "Chem. Engr's Handbook" P.3.191-3 
9.5.1.10 DensIty of Water Vapour between 95°C. - 105°C. 
Pv = 0;01672 + 0.000007 x 1.8 x (T 6 C - lOO) 
Ref. J.H. Perry "Chem. Engr's Handbook" P.3.191 
9.5.1. II Density of Water Vapour between 100°C - 150 °C. 
373 x P 
Pv = 26.80 x T x 760 
3 Ib./ft. 
Ref. J.H. Perry "Chem. Engr's Handbook" P.3.191 
and Ideal Gas Law 
9.5.1.12 Viscosity of Water Vapour between 100°C. - 150 QC. 
Pv = 0.0310 + 0.000092 (T °C. - lOO) Ib./ft. hr. 
Ref. G.W.C. Kaye and T.H. Laby P.38 
9.5.1.13 Enthalpy of Liquid Water between 95°C. - 105°C. 
3 Ib./ft. 
° . = 180.07 + 1.007 x 1.8 x (T C. - 100) Btu./lb. 
Ref. J.H. Perry "Chem. Engr's HandbooR' P.3.191 
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9.5.1.14 latent Heat of Vaporisation 
= 970.33 Btu.llb. 
Ref. J.H. Perry "Chem. Engr's Handbook" P.3.191 
9.5.1.15 Density of Pure Water at Various Temperatures 
Ref. J.H. Perry "Chem. Engr's Handboo~' P.3.70 
Table 3-415. Denaity of Pure Water Free trom 
Air, 0° to (1°C.* . 
• 0 enths'()f; cgree.s ~~leall 
• 0 I' '1'1' 'l'I'181'd'O'~"" 
-.- 0 999 .8681 874788128815189368996 190>3 910919163 9216 ----:r.w-I 9267
1
93159363/940819452 9494
19534 ,9573.9610,9645 +41 
1 '96799711 9].11 976?j9i96 9521'19344 9866 9$8719?O5 +2. 3 '992219937 9951 9%2
1
9913 9981 99PSI999419998,OOOO +8 
.. 1.000 0000 999919996 9992 9986 9979199]0 9960 994]'9934 -8 
S 0.999 9919 9902 9884 9864 98429819979597699742971) -24 
6 '9682 96SO,96t7 9582 954595079465942] 9385 9341 -311 
7 92% 9249 9201 9151 9100 9048,8994 5938 88818823 -53 
8 8764 6903 8641 8577 8512 8·H5'837] 8308 8237 8165 -67 
9 8091 80177940 i'863 n&4 770417622 7539 7455 7369 -81 
10 7282 7194 7105 70H 6921 682667296632 6533 60432 -95 
11 6331 6228612460205913 5805 5696 5586 5m 5362 -108 
12 52485132 5016
1
'489814780 4660'1453814415 <12914166 -121 11 <4040 3912 3]8~ 365413523 3391325731222986 2850 -133 
14 27122572 20122892\47 200318581711 1564 1416 -Id 
IS 1266 1114,0962·0B09 0655 0499 0343 ,o185 0026 9865 -156 
16 .9989705 9542i937SI92I4'19048,S8811s713IB5+4 83il:8202 -168 
17 8019785676511750573281715069716791661°16-427 -178 
18 62404160581158ilI5696: 5498j5309115119149271~il5 4511 -19{I 
.19 43-4741523155375713558133583158295527522519 -200 
20 2343 213719301722,1511 1301 1090'0878.0663'0 .... 9 -211 
21 0233 OOI6i979?'95S019359'9139189171""I8-HoI8245 -221 
22 .997 8019'1]79217564l7,mii104~68il'664116408'61nI5938 -232 
23 So702 5~66'5227149881474714S06:4264:402113777135)1 -242 
24 3286 303912/90 2>411"91 12~O' l188j 1535 1280 1026 -252 
IS 0770;0513-02S5
1
9997 9136 94161921418951 8688'8423 -261 
26 .9% 8158117892 7624 7356708716817:6545,6173160005126 -271 
21 5451 5176 <1598 4620 4HM06t3782;3500I3218 2935 -280 
28 2652 2.l66 20W 1793 150si 1217i0925:0637 0346 0053 -289 
29 .9959761 9466 91i1 8876 85791828217983'17684 1383 7083 -298 
30 6180 lM78 6174 5869 S564 5258 4950 4642 4334
,4024 -307 
31 371<1 :HOI13:JS9 2716,2462 ,2147 1832,1515 1198i08BO -315 
32 05611024199201959919276'895418630'8304797917653 -324 
33 .994 7325,699N66816338:6007iS67615345150I1 4678430 -332 
I 34 40071~713335'12997126591231811978163812960953 -340 
I 35 0610026799229576 9230,8g83185)<I 8186,7837 7486 -3~7 
'I )6 .993 713616784 643216078i572SiS369!50I<l!4658~430'l3943 . -355 
37 3585·3226 2866\2505,2144; 1782,1419' 1055(0691,0326 - 362 
I. 38 .9929960I"':11;922::/';8859:8490:81201775Ii73W:7008:6636 -370 I, 39 626~;1~5S90 5516 5140i4765
1
'4389I<10 11 1363::,:;325::1';2876 -371 
40 249121161734 (3521097105871'0203198189039047 -384 
1 41 .991 6661 'T I 
1 • Aeeordinc to P. Cbappui" Bureau Inurnalional des Poids e~ Mesurcs' 
: Under ewdard pre8~ure (76 cm. HR) at every tenth plU'tor a degree from ~ i to 41°C., in ,.Jm1 .. Extractd from Table 287. "Smithsonian Pb)'~ieal Tables." 
: 9th rev. ed .• Wuhln&f,on. D.e .• 19}t. 
, 
• 
Table .3-4.6. Denldt;r and Volume of Wa.ter 
_100 to +250°0 • 
TeoUlY.. V.en- y~l~ l'~roP.' --D.en- .~2.t:. T~nlP.' ~cn. --v~~· 
_G_ •• ~_~,~~~ °C. Blty lime 
-10 0.99815 1.00186' .20 O. 99823 1.00Il~!-50 0.9U07 1.01207 
-9 843 157 21 802 '2i:' 51 762 254 
-8 869 131 22 780 220 52 715 301 
-7 892 108, 2) 7S7 2+1 53 669 ]49 
-6 912 088 24 733 268 $4 621 398 
-5 .99930 1.00070 25 .997081.0029) 5S .985731.01448 
_4 9<fS 055 26 682 320 60 324 .105 
-3 958 042 21 655 }47· 65 059 919 
-2 970 031 28 627 375 70 .97781 1.02270 
_I 979 021 29 598 404 75 <f89 576 
o .999871.00013, 30 
1 993 00]. 31 
2 997 003 32 
3 999 001 33 
4 1.00000 1. 00000 34 
5 0.99999 1.00001 ,S ,. 
37 
38 
6 997 003 
7 993 007 
8 988 012 
9 981 019 
" 10 
11 
12 
\3 
" 
,S 
,. 
17 
\8 
" 
.99913 1.00027 40 
963 037 41 
.,,!~ IO!!: ~! 897 103 46 
SW 120 47 
862 138' 48 
843 157, 49 
.99568 1.00434 80 
537 465' 8S 
506 497 90 
-413 $30 9$ 
4-tO $53 • 100 
.99-406 1.00598 110 
371 633 120 
336 669 130 
300 706 1«1 
263 743 150~ 
.99225 1.00782 160 
187 821 170 
141 861 ISO 
107 901 190 
066 ~3 200 
.9902$ 1.00985 211) 
.989821.01028; 220 
940 On, 230 
896 116: 240 
852 162! 250 
.91183 1.02899 
.96865 1.03237 
53<f 590 
192 959 
.95838 1.04343 
.9510 1.0515 
,9434 1.0601 
.9352 1,0693 
.92604 1.0794 
.9173 1.0902 
.9075 1.1019 
.8973 1.1145 
.8866 1.1279 
.8750 1.1429 
.8628" 1.1590 
.650 1,177 
.637 1.195 
.8n 1.215 
.809 1.236 
.794 1.259 
• The masa of I cc. at 4°C. UI taken as UllIty. Elluacud froln Table 290, 
"Smithaonian Physical TJt.blt'a.:' 9th nw.ell .• Washington. D.C., 19}t. 
.. Galle" have been listed (in Tablcs 3-48,3-153) only fOf 0°0. 
and 1 atm. prenurc. For all other temperatures use tabulated 
comprcssibility and volume data together with p - MZ/Y to 
obtain density data. For liquid air. ar{;OD, carbon monoxide. 
helium. methane. neOIl. nitro~("n, and oxygen 8ce JOhDBOD (cd.), 
WADD_TRfoO_56, 1950. Ext(,Dsive data for crYOl!cnic fluid. 
are ~i"cn in Gcreb, "Lo",' Temperature Cooling," Part I1,l\IoBcoW. 
1949. Data on liquid hrliurn and hydro~cn are also given by 
Seott. "Cryot'enic Enp:iDcerinr:," Van Nostrand, l'rineetoD1 
.N.J.t.J959. For liquid coolants eee 'Veatherford, Tyler. and 
Ku, wADC-TR.59-598. 1959. . 
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Tables 9.5.2, 9.5.3, & 9.5.4 
Legend 
x. Composition 
n20 Refractive index at 20°C. D 
PI Liquid density 
P
v 
Vapour density 
~I Liquid viscosity 
. ~v Vapour vi scos i ty 
x' 
Surface tension 
Liquid thermal conductivity 
Specific heat 
Latent heat of vaporisation 
Thermal diffusivity 
Mass diffusivity 
Composition' 
wt. % 
3 Ib./ft. 
3 Ib./ft. 
I b./hr. ft. 
Ib./hr • ft. 
dynes/cm. 
Btu./hr. ft~ °F./ft. 
Btu./lb. OF. 
Btu./lb. 
2 ft./hr. 
2 ft ./hr. 
mole fraction 
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9.5.2 Isopropyl Alcohol-Water (Ref. GI and RI) 
XIPA N
20 
kl Cpl Hlv Cl. x 10
5 5 6.T X1PA 0 PI Pv ill ilv crI DAB x 10 6.X 
0 I .33303 59.83 0.0373 0.6868 0.0310 58.85 0.393 1.00763 970.33 638.5 18.0 -296.5 0 
5 1.33707 44.60 595 -174.9 
10 1.34171 59.15 0.0394 0.950 35.35 1.032 500 526.3 16.6 -111.2 0.0323 
15 1 .34620 
20 1.35069 57.80 0.0425 I .175 0.02985 28.95 0.288 1.052 459 448.6 12.1 -51.4 0.0699 
25 I .35465 -26.7 
30 1.35800 56.23 0.0467 1.377 25.60 1.028 446 403 8.3 -14. I 0.114 
35 I .36080 
40 I .36340 54.69 0.0520 1.535 0.02870 23.45 0.212 0.999 439 368 5.8 - 11 .1 0.165 
45 1.36591 
50 1.36815 53.17 0.0579 1 .610 22.00 0.960 435 337.5 4.8 -9.6 0.228 
55 1.37000 
60 1.37160 51.65 0.0650 1.629 0.02715 21. 10 0.154 0.918 428 316 4.8 -9.3 0.308 
65 I .37300 
70 1.37417 50.10 0.0744 1.597 20.20 0.870 417 302 5.8 0.408 
75 1.37519 
80 1.37600 48.57 0.0875 1.511 0.02495 19.20 0.100 0.818 403 291 7.6 0.542 
85 1.37670 o at 0.627 87.7 
90 1.37719 47.04 o. 1048 1.365 18.40 0.774 368 281 .5 9.9 ~ 0.727 
95 1.37740 20.4 0.850 
100 1. 37750 45.55 0.1285 1.136 0.02260 17.50 0.088 0.723 291 274 11.8 106.6 I .000 ~ 
'" 
9.5.3 Normal Propyl Alcohol-Water (Ref. 01 and RI) 
XNPA N
20 kl Cp1 H1v 10
5 5 liT XNPA 0 PI Pv )11 ).Iv (11 Cl. x DAB x 10 7i'l. 
0 1.33303 59.83 0.0373 0.6868 0.0310 58.85 0.393 1.00763 970.33 657.2 18.0 _00 0 
5 39.0 1.004 695.9 -157.5 
10 1. 3415 59.00 0.0397 0.900 0.03039 30.8 0.332 1.001 583.9 562.2 15.5 -63.0 0.03 
15 26.7 0.993 
20 1.3500 57.60 0.0430 1 .097 0.02974 25.0 0.284 0.985 524.2 500.6 11.6 -27.9 0.07 
25 0.975 
30 1.3574 0.0470 1.265 0.02913 23.0 0.240 0.965 510.3 442.9 7.6 -17.4 0.115 
35 
40 1 .3632 54.70 0.0515 1.380 0.02851 22.0 0.198 0.940 503.3 385.1 4.7 -5.3 0.17 
45 
50 1.3684 0.0573 1.443 0.02785 21.2 0.164 0.915 499.0 . 336.6 3.2 0.23 
55 -0.2 
60 1.3730 51.80 0.0649 1.470 0.02710 20.6 0.138 0.885 491.9 300.7 3.0 0.31 
65 
70 1 .3772 0.0747 1.450 0.02617 19.8 0.117 0.860 483.7 272.5 4.5 o at 0.415 71.5 
75 
80 1 .3807 48.90 0.0860 1 .401 0.02530 19.0 0.099 0.835 455.8 244.9 6.7 4.6 0.55 
85 433.5 0.623 
90 1.3834 0.1010 1 • 311 0.02434 18.2 0.084 0.810 398.9 218.3 9.4 49.1 0.715 
95 348.4 60.~ 0.828 
100 1 .3845 45.97 0.1232 1 .118 0.02340 17.4 0.071 0.780 297.0 198.0 15.6 +00 1.0 
I\) 
'" 0 
9.5.4 Water-Glycerol (Ref. 9.4) 
XH'O N
20 
kl Cpl Hlv Cl x 10
5 5 6T XH 0 D PI III °1 DAB x 10 6X 2 2 
0 1.47399 66.16 5.518 34.5 0.165 0.576 167.7 434.0 32.24 -3690.0 0.0 
5 1.46597 0.169 0.611 831.0 
10 1 .45839 72.09 5.227 52.7 0.174 0.634 911.8 -479.7 0.3623 
15 1.45085 0.181 0.656 . 
20 1.44290 71. 17 4.743 54.7 0.191 0.678 943.6 399.1 15.19 -199.4 0.5610 
25 1.43534 0.700 
30 1.42789 69.94 3.533 • 56.0 0.213 0.726 0.6866 
35 1.42044 0.748 
40 1.41299 68.53 2.686 56.5 0.237 0.767 957.8 457.3 11 .55 -64.35 0.7732 
45 1.40554 0.252 .0.787 
50 1.39809 66.98 1.984 57.1 0.269 0.813 0.8364 
55 1 .39089 0.830 
60 1.38413 65.52 1.549 57.8 0.295 0.852 964.7 538.6 11. 74 -28.10 0.8847 
65 1.37740 0.876 
70 1.37070 64.02 1.258 57.8 0.324 0.894 0.9227 
75 1 .36404 0.917 
80 1.35749 62.60 1.029 58.3 0.353 0.935 967.3 612.3 12.40 -18.00 0.9534 
85 1.35106 0.954 
90 1.34481 61.26 0.847 58.6 0.382 0.973 0.9788 
95 1.33880 0.994 
I\) 
100 1.33303 59.83 0.6868 58.85 0.393 1 .00763 970.33 678.1 14.18 -7.83 1.0 
'" t-' 
262 
9.5.4 Water-Glycerol (cont.) 
1) . Wt. % water in 1 i qu i d v B.Pt • °C. see Table 9.4.1 ~ 
2) Wt. % water in vapour v B.Pt. °C. see Table 9.4.1 
3) Wt. % water in 1 I qu i d v wt. % water in vapour see Table 9.4.2 
4) Wt. % water v vapour density see Table 9.4.5 
5) Wt. % water v vapour viscosity see Table 9.4.7 
9.6 Glycerol-Water Sample Calculation 
Run No. NTl 
Atmospheric pressure (p t ) 
a m 
Steam temperature (Ts) 
. Outlet vapour flow rate (Vol
vo
) 
Outlet liquid flow rate (Vol lo) 
Inlet liquid concentration (C li ) 
Outlet vapour concentration 
Outlet liquid concentration 
754.60 mm.Hg. 
o 135.3 C. 
! 249 e.c./min. measured at 11°C . 
794 c.c./min. measured at 77 °c. 
79.6 wt. % water 
100.0 wt. % water 
73.7 wt. % water 
Submergence 100% 
compartment Vo 1. of condensate collected (c. c. measured at 61 oC.) 
Top 1 ' 1703 
2' 1575 
3' 1501 
4' 1477 
5' 1448 
Bottom 6' 1360 
Collection time: 35 minutes 
Thermocouple Average reading mV. 
0 2.425 
1 2.512 
2 2.583 
3 2.589 
4 2.534 
5 2.542 
6 2.628 
Thermocouple cold junction temperature: 43.60 °C. 
W H C VO, vc, vo 
W C C 10, plo, 10 Average concentration for 
Compartments o Thermocouples each compartment 
1 ' 1 ' : 74.19 wt. % water 
2' 2' 75.18 wt. % water 
r' 2 
3' 3' 76.16 wt. % water 
3 Ts ' 
4' 4', 77.14 wt. % water 
4 
5' , 5' 78.12 wt. % water 
5 
6' 6' 79.11 wt. % water 
6 length mean 76.65 wt. % water 
Temperature (Tn) = (Thermocouple mv./0.041) + cold Junction temperature 
·0 To = 102.75 C. 
Tl = 104.87 °C. 
T2 = 106.60 °C. 
T3 
0 
= 106.75 C. 
T' 4 = 105.40 °C. 
T5 
0 
= 105.60 C. 
T6 
0 
= 107.70 C. 
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Length Mean Calculation 
Overall heat transfer coefficient 
Q 
where 
i) Heat transferred = Heat out - .Heat in 
i.e. Q = ~ - Qi 
= (Qlo + ~o) - (Qli) 
= 
C 1 = 0.910 Btu./l b. of. } po (From Fig. 9.4.10) 
Cpli = 0.933 Btu./lb. of. 
} 
H = 1150.4 + 0.482 x (To 0 - 212) vo F. 
= 1152.8 Btu./lb. 
Mass flow rate of outlet vapour W = VOl vo x Pwater at 11 °c. vo 
(From ,Table 9.5.1.15) 
= 249 x 0.999 x 60/453.59 
= 32.90 lb./hr. 
Mass flow rate of outlet I i qu i cl Wlo = ,Vol lo x P73.7 wt. % water at 77 °c. 
(From Fig. 9.4.20) 
= 794 x 1.032 x 60/453.59 
= 108.39 1 b./hr. 
Mass flow rate of inlet liquid Wli = Wl0 + Wvo 
= 108.39 + 32.90 
= 141.29 lb./hr. 
:. Q = {WloCplo{To - Tref} + WvoHvo} - {Wl iCpl i (T6 - Tref}) 
= {108.39 x 0.910 x 1.8 x {102.75 - O} + 32.90 x 1152.8} -
{141.29 x 0.933 x 1.8 (107.70 - O}) 
= 30,617.7 Btu./hr. 
ii} Inside heat transfer surface area 
. ,. 2 Ain = 0.52~0 ft. 
:. Heat flux q = Q/A in = 30,617.7/0.5240 
= 58,427 Btu./hr. ft~ 
iii} Overall temperature difference 
h.T 
ov 
. 
.. 
U. In 
= 135.3 - 102.75 + 107.70 2 
= 30.08 CO 
= 54.14 FO 
Overa 11 heat transfer coefficient 
= 
Q 
A. h.T In ov 
= 
30,617.7 
0.5240 x 54. 14 
= 1079.2 Btu./hr. ft~ of. 
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I I lw Din D. = + In 
hf' iT:- kss 0:- hs Dout In Im 
where Uin = 1079.2 Btu./hr. ft~ of. 
lw = 0.06205 ins. - 0.00517 ft. 
Din = 0.5004 ins. = 0.0417 ft. 
Dim = 0.5598 ins. = 0.0467 ft. 
D . = 0.6245 ins. = 0.0520 ft. out 
kss = 9.,36 + 0.005 x 1. 8 x 2Ts + To + T6 4 
10.442 Btu./hr. 2 0 = ft. F./ft. 
h. - 2.800 Btll';hr.£t~ of. 
I I 0.00517 x 0.0417 0.0417 
= + hf 1079·2 10.442 x 0.0467 2,800 x 0.0520 
. 
. . Inside film heat transfer coefficient 
hf = .5,055. I 
2 0 Btu./hr. ft. F. 
Inside film temperature difference 
= 30,617.7 
5,055.1 x 0.5240 
Inlet and outlet velocities 
i) Inlet liquid WIi = 141.29 Ib./hr. 
Specific volume of inlet liquid = Density at Ci 
I 
= 62.59 
= 0.01598 ft~/Ib. 
(From Fig. 9.4.4) 
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:. Volumetric flow rate of Inlet liquid 
= 141.29 x 0.01598 
Inside cross-sectional area of tube 
Ai n xs = o. 001366 ft~ 
: •. Velocity of Inlet liquid (Vii) 141.29 x 0.01598 
= 0.001366 
= 1653 ft./hr. 
= 0.4592 ft./sec. 
Inlet liquid mass velocity GI I _ ....... W_1;..1:..-. 
Aln xs 
_ 141.29 
- 0.001366 
2 
= 103.458 lb./hr.ft. 
11) Outlet liquid W10 = 108.39Ib./hr. 
Specific volume = 
Dens i ty at Co 
I 
= 63.45 
= 0.01576 ft~/lb. 
Volumetric flow rate of outlet liquid 
= 108.39 x 0.01576 
:. Velocity of outlet liquid (Vlo ) 
108.39 x 0.01576 
= 0.001366 
::: 1251 ft./hr. 
= 0.3475 ft./sec. 
Outlet liquid mass velocity Glo = 
= 
= 
(From Fig. 9.4.4) 
A In xs 
108.39 
0.001366 
2 79.365 Ib./hr.ft. 
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Ill) Outlet vapour 
W
vo 
= 32.90 Ib./hr. 
Specific volume = 
specific volume of steam at 100oC. & atmospheric pressure x 
To + 273 
373 
26 80 102.75 + 273 
- . x 373 
. 3 
= 27.0 ft./lb. 
:. Volumetric flow rate of outlet vapour = 32.90 x 27.0 
Velocity of outlet vapour 32.90 x 27.0 = 0.001366 
= 650,455 ft./hr 
= 1~O.7 ft./sec. 
Outlet vapour mass velocity Gvo = A. 
W 
vo 
Exit quality 
Wvo 
x = W11 
= 
32.90 
141 .29 
= 0.2329 
From the Dittus Boelter Equation 
In xs 
= 32.90 
0.001366 
2 
= 24,093 lb./hr.ft. 
where the physical properties are determined at average composition 
and boiling conditions 
Din = 0.5004 in. = 0.0417 ft. 
2 0 
= 0.345 Btu./hr.ft. F./ft. (From Fig. 9.4.9) 
= 1.095 lb./ft. hr. (From Fig. 9.4.6) 
= 63.02 lb./ft~ (From Fig. 9.4.4) 
VI = (1653 + 1251)/2 = 1452 ft./hr. av 
Cp1 = 0.921 Btu./lb. of. (From Fig. 9.4.10) 
:. hi = 0.023 x 0.345 (0.04{7 x 63.02 x 1452)°.8 
. 0.0417 1.095 . 
2 0 
= 199.3 Btu./hr.ft. F. 
Re = = 3488 
From the Lockhart and Martlnelll Parameter 
0.1 
where Xav = 0.1164 
PI = 63.02 lb./ft~ (From Fig. 9.4.4) 
~1 = 1.095 lb./ft.hr. (From Fig. 9.4.6) 
~v = 0.0128 + 0.000038 (Tbav - 100) 
= 0.0128 + 0.000038 (105.22 - 100) 
= 0.0130 x 2.42 
= 0.0315 lb./ft.hr. 
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( 0.921 x 1.095)°·4 0.345 
= x 
specific vol. water vapour at 100oC. and 760 mm Hg 
373 x 
. Tbav + 273 
, 
= 1 373 754.60 
26.80 x 105.22 + 273 x 760. 
= 0.03654 lb./ft~ 
• ( 0.1164 ) 0.9 (1.0095 x 62.43) 0.5 
0.03654 ( 0.013
0) 
0.452 
0.1 
.. X
tt 
= 1 - 0.1164 
= 4.700 
Tbav = 105.22 °c. = 378.22 oK. 
6T f = _ 11.56 F
O 
= 6.42 oC. 
oH20 = 58.9 dynes/cm. 
O~" = 38.1 dynes/cm. (From Figs.- 9.4.2 & 9.4.8) 
Xav = 0.7665 
y* = 
Cl x 105 = 
DAB x 105 = 
dT/dx = 
Cp1 = 
H1v = 
1.0 (From Fig. 9.4.2) 
603 ft~/hr. (From Fig. 9.4.12) 
2 12.24 ft./hr. (From Fig. 9.4.13) 
19.6 of. (From Fig. 9.4.14) 
0.921 Btu./lb. of. (From Fig. 9.4.10) 
966.0 Btu./lb. (From Fig. 9.4.11) 
. ( )(T )(OHO)0.9 
.. X:t ~~; O'f 
0.9 
= (4.700) (378.22)(~8.9 _) 6.42 ~8.1 
= 279.77 
0.9 r 
(y* _ X ) (~) !( dT)(~ \1 
= 409.8_ ~ - (1 - 0.7665) 
= 409.8 x (1.0306) 0.6 
= 417.3_ 
Compartment Calculation 
r -
! 
(603 ) 
\.12.24 
av DAB dx H1v)J 
(- 19.6) (0.921)11 
"966 ~ 
0.6 
0.6 
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Overall heat transfer coefficient 
where 
, 
m = 
rn' 1 = 
rn' 2 = 
m' 3 = 
m4 = 
m' 5 = 
mE; = 
.. Q' 1 
Q' 2 
Q' 3 
Q' 4 
Q' 5 
Q~ 
Total 
i) heat transferred = mass of condensate x latent heat of 
vaporisation 
i.e. Q = mH 1v 
HI = 198.23 + 1.0194 x 1.8 x (Ts - 110) = 244.65 Btu./lb. 
Hv = 1157.0 + 0.03243 x 1.8 x (Ts - 110) 
= 1171.8 Btu./lb. 
H1v = 927..11 Btu.llb. 
volume of condensate x density at 61 °C./time (x 60/453.59) 
1703 x 0.983135 x (60/453.59) = 6.327 lb./hr. 
-1575 " 
." 11 
= 5.851 " 
1501 " " = 5.576 " 
1477 11 " = 5.487 " 
1448 
" " = 5.379 " 
1360 " 11 = 5.053 11 
= 5865.7 Btu./hr. 
= 5424.8 11 
= 5169.9 " 
= 5087.3 " 
= 4987.4 11 
= 4684.3 " 
Q' = 31219.3 Btu./hr. 
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.'.' 
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This total value of Q (31,219.3 Btu./hr.) is greater than that 
calculated by the previous heat balance (30,617.7 Btu./hr.). This is 
caused by conduction of heat through flanges on the evaporator which 
Increases the amount of condensate. A correction is made to reduce the 
values of Q so that the total will equal that determined by the heat 
balance. 
Corrected Q
n
: CQ' = Q' x 30,617.7/31,219.3 n n 
= Q' x 0.9807 n 
CQ' 1 = 5,752.6 
CQ' 2 = 5,320.3 
CQ' 3 = 5,070.3 
CQ' 4 = 4,989.2 
CQ' 5 = 4,891.3 
CQ' 6 = 4,594.0 
Total CQ' = 30,617.7 
II ) Ins I de heat transfer surface area -
Ain = 0.524.0/6 = 0.08734 ft~ 
:. Heat flux q' 
n = CQ~/Ain 
• qj .. = 65,866.2 
q2 = 60;915.6 
q' 3 = 58,053.5 
q4 = 57,125.3 
qs = 56,003.7 
ql, = 52,600.1 
Overa 11 temperature differences 
[Ts -
T + T ] liT I = n-1 2 n x 1.8 of. ovn 
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LIT' = 56.69 of. ovl 
LIT' ov2 = 53.22 
LIT' 
ov3 = 51.53 
LIT' ov4 = 52.60 
LIT' 
ov5 = 53.64 
LIT' ov6 = 51.S? 
Overa 11 heat transfer coeff i c i ent 
U' ~ = Aln LIT' . Inn ovn 
U1nl = 1161.9 
2 Btu./hr.ft. of. 
U1n2 = 1144.6 
11 
U1n3 = 1126.6 
11 
U1n4 = 1086.0 
11 
Uin5 = 1044.2 11 
Uin6 .= 1019.9 11 
1 1 lw D. Din In 
hp = Uln 
- kss DIm + hout Dout 
where everything is as in the previous section except 
2Ts + T n-l + T k' 9.36 + 0.005 x 1.8 x n = 4 ssn 
k~sl = 10.436 2 Btu./hr. ft. of. 
. k' 
ss2 = 10.445 
11 
k~s3 = 10.449 11 
k~s4 . = 10.446 11 
k~s5 = 10.444 11 
k' ss6 = 10.449 11 
.. Inside film heat transfer coefficients 
hh 7.601.2 
2 0 
= Btu./hr.ft. F. 
hh = 6.899.7 " 
hb = 6.286.6 " 
hf4 = 5.202.7 " 
hf5 = 4.367.5 " 
hf6 = 3.969.5 " 
Inside film temperature difference 
hTf = 
Q 
hf Ain 
hT' = fl 8.67 F
O 
T' = f2 8.83 
T' = f3 9.23 
T' -f4 - 10.98 
T' = f5 12.82 
T' -f6 - 13.25 
Vapour and liquid velocities 
I) Vapour velocities 
Weight of vapour Wv = Weight of vapour at outlet x total 
fraction of heat transferred 
Wvo = W = 32.90 Ib./hr. vo 
W
vl = W (CQI + CQ2 + CQ3 + CQ4 + CQ5)/Q = 27.97 " vo 
Wv2 = WVO (CQI + CQ2 + CQ3 + CQ4)/Q = 22.71 " 
Wv3 = W (CQI + CQ2 + CQ3)/Q = 17.35 " vo 
Wv4 = WVO (CQI + CQ2) /Q = 11.90 " 
Wv5 = WVO (CQI ) /Q = 6.18 " 
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Specific volume of vapour SV 
SVvo 27 .00 
3 
-
ft./lb. 
SVvl = 27.15 
11 
SVv2 = . 27.27 11 
SVV3 = 27.28 
11 
SVv4 = 27.19 11 
SV
v5 = 27.20 
11 
SVv6 = 27.35 
11 
vn 
T 
= 26.80x 
= w)( SV 
vn vn 
= 0.0 lb./hr. 
°c + 273 
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Volumetric flow rate of vapour 
Velocity of vapour c Volumetric flow rate/cross-sectional area of tube 
Vvo = 650,455 ft./hr. 
Vvl = 555,981 
11 
Vv2 = 453,551 
11 
Vv3 = 346,604 11 
Vv4 = 236,902 11 
Vv5 = 123,140 11 
Vv6 = velocity of inlet 1 i qu I d 
Vapour mass velocity Gvn = 0.001366 
Gvo = 24,093 
2 Ib./hr.ft. 
GVI = 20,478 11 
Gv2 = 16,629 11 
Gv3 = 12,703 
11 
G v4 = 8,713 11 
, 
GV5 = 4,527 
11 
Gv6 = 0 
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11) Liquid velocities , 
Weight of liquid Win = weight of liquid at inlet - total 
weight of vapour 
Wlo = Wll - W = 141.29 - 32.90 = 108.39 Ib./hr. vo 
W11 = Wll - W = 141.29 - 27.97 = 113.32 
11 
vi 
WI2 = Wli Wv2 = ,141.29 - 22.71 = 118.58 
11 
WI3 = Wn - W = 141.29 - 17.35 = 123.94 11 v3 
WI4 = Wll - Wv4 = 141.29 - 11.90 = 129.39 
11 
WI5 = Wll - W v5 = 141.29 - 6.18 = 135.11 
11 
WI6 = Wll - Wv6 = Wll = 141.29 - 0.0 = 141 .29 
11 
Specific volume of liquid SV ln = Density at C (From Fig. 9.4.4) 
n 
SVlo 
I 
= 63.45 = 0.01576 
3 ft.llb. 
SVl1 
I 
= 0.01580 11 = 63.31 
SVI2 = 
I 
= 0.01583 11 63.17 
SV I3 = 
I 
= 0.01587 11 63.02 
SVI4 = 
I 
= 0.01590 11 62.87 
SVI5 = 
I 
62.64 = 0.01594 
11 
SV I6 
I 
= 0.01598 11 = 62.59 
Volumetric flow rate of liquid = WlnxSVln 
:. Velocity of 1 iquid = volumetric flow rate/cross-sectional area 
of tube 
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V10 = 12S0.9 ft./hr. 
VII = 1310.7 11 
V12 = 1374.7 
11 
V13 = 1440. 1 11 
V14 = IS06.8 
11 
VIS = 1577.0 11 
V16 = 1653.0 
11 
Liquid mass velocity G. WIn -. 0.001366 . In 
G10 79,635 
2 
= lb./hr.ft. 
G11 = 82,980 " 
G12 = 86,829 " 
G13 = 90,75S " 
G14 = 94,74S " 
G1S = 98,932 " 
G16 = 103,458 
11 
W 
Qua 1 i ty Xn = ·vn ~. 
Xo = 32.90/141.29 = 0.2329 
Xl = 27.971141.29 = 0.1979 
X2 = 22.71/141.29 = 0.1607 
X3 = 17.35/141.29 = 0.1228 
X4 = 11.90/141.29 = 0.0842 
Xs = 6.18/141.29 = 0.0438 
X6 = 0 = 0.0 
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From the Dittus Boeiter Equation 
0.4 
where the physical properties are determined at average composition 
and boiling conditions for each compartment 
Din = 0.5004 ins. = 0.0417 ft. 
Compa r tmen t 1 ' 2' 3' 4' 5' 6' 
kl 
2 0 Btu./hr.ft. F./ft. 0.338 0.341 6.344 . 0.347 0.350 0.352 
PI 3 lb./ft. 63.34 63.23 63.05 62.90 62.77 62.65 
V n-l + Vn 
VI = ft./hr. 1281 1343 1407 1473 1542 1615 av 2 
111 1 b./ft.hr. 1.154 1.133 1.108 1.087 1 .062 1.041 
Cp1 0 Btu./lb. F. 0.912 0.916 0.920 0.924 0.928 0·932 
• hI, 174.3 
2 0 
.. = Btu./hr.ft. F. 
hl2 = 183,3 11 
hb = 192·9 11 
hl4 = 202.6 11 
hl 5 = 213.1 
11 
h16 = 224.1 11 
D V 
Rein 
in Pin lavn 
= 
11ln 
ReI, = 2932 
Relz = 3126 
Reb = 3339 
Rel4 = 3557 
Rel5 = 3799 
Rel6 = 4054 
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hfn'h 1n I' : 7601.2/174.3 = 43.62 
2' : 6899.7/183.3 = 37.64 
31 : 6286.6/192.9 = 32.60 
41 : 5202.71202.6 = 25.68 
5' : 4367.51213.1 = 20.49 
6' : 3969.5/224.1 = 17.71 
From the Lockhart and Martinelll Parameter 
( \v ) 0.9 (:~) 0.5 ( ~~ ) O. 1 
Xtt 
= 1 - Xav 
where 
~vn = (0.0128 + 0.000038 (Tbavn - 100» x 2.42 lb./ft.hr. 
373 Patm 
specific vol. steam at 1000 C. & 760 mmHg x Tbavn + 273 x ~ 
Compa r tmen t l' 2' 3' 4' 5' 6' 
Tbavn °C. 103.81 105.73 106.67 106.08 105.50 106.65 .. 
~vn lb./ft.hr. 0.0312 0.0315 0.0317 0.0315 0.0315 0.0317 
Pvn 
3 lb./ft. 0.0367 0.0365 0.0364 0.0365 0.0365 0.0364 
~ln lb./ft.hr. 1.154 1 .133 1. 108 1.087 1 .062 1.041 
Pin 3 lb./ft. 63.34 63.23 63.05 62.90 62.77 62.65 
Xavn = 
X n-l + Xn 0.2154 0.1793 0.1418 0.1035 0.06~0 0.0219 
2 
1 1 ' 9.05 Xtt 2' 7.40 
3' 5.77 
4' 4.18 
5' 2.61 
,6' 0.96 
281 
Compartment I' 2' 3' 4' 5' 6' 
Tbav °C. 103.81 105.73 106.67 106.08 105.50 106.65 
6Tf of. 8.67 8.83 9.23 10.98 12.82 . 13.25 
~ dynes/cm. 38.05 38.07 38.09 38.12 38.14 38.16 
Xav wt. fn. water 0.7419 0.7518 0.7616 0.7714 0.7812 0.7911 
y* 11 I .0 1.0 1.0 1.0 1.0 1.0 
ex x 105 ft~/hr. 594 597 600 603 607 610 
5 2 DAB x 10 ft./hr. 12.09 12.16 12.20 12.28 12.31 12.39 
dT/dx of. -20.35 -20.0 -19.45 -19.10 -18.53 -18.38 
Cpl Btu./lb. of. 0.912 0.916 0.920 0.924 0.928 0.932 
Hlv Btu.llb. 966.0 966.0 966.0 967.0 967.0 967.0 
(_I ) Cbavn)CH20) 0.9 I ' : 1050.2 Xtt 6Tfn ~ 2' : 846.6 
3' : 631.8· 
4' : 384.0 
5' : 204.8 
6' : 72.9 - . 
I - (y* _ X )(~)! (~)(dT) 
avn DAB Hlv dx 
1 I : 1.0347 
2' : 1.0329 
3 1 : 1. 031 0 
4' : 1.0292 
5' : 1.0273 
. 6' : 1.0257 
0.9 [ 
I - (y* - X ) (~) !(~)(~)Il 
av DAB Hlv dx ~ 
0.6 
l' : 1071.9 
2' : 863.2 
31 : 643.5 
4' : 390.7 
5' : 208.2 
6' : 74.0 
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9.7 Determination of the Coefficient of Heat Transfer for Condensing Steam 
~ 
With the Installation of a new stainless steel evaporator it was 
necessary to determine the steam side heat transfer coefficient before 
normal experimental work could commence. The Wi Ison Plot (Ref. WI) 
was used to determine the coefficient., This assumes that the total 
resistance to heat transfer is the sum of the steam side resistance 
Rs' the stainless steel wall resistance Rss and the water side 
resistance'Rw' that Rs and Rss can be considered constant. and Rw 
variable and a function of velocity. 
i. e. Rtotal = Rs + Rss + Rw 
or I I + I UoDo = hsDo kss DIm + H w Di 
T 
In the equation the variables are Uo and hw' all other parameters 
(assuming kss constant) are constant. 
I I 1 Do D 0 
U = h + + k ss DIm hw D. 0 5 I 
° I I 
1 Do 0 
• = 0:- hw + h + k D I 5 ss Im 
Now from the Dittus and Boelter equation (Ref. 01) 
(
D V )0.8 
_ 0.023 i:W w 
w 
that is, hw = A (V )0.8 w 
Thi s may be substituted into the equation for U yield i ng 
0 
I Do I I 1 Do • A(V )0.8 U = Of + h + kss DIm 0 w 5 
'= 
B 
+ C (V ) 0.8 
w 
This is in the form of y = ax + b or the Wils,on Plot which is a 
straight line. 
1 
where y = Uo a= B, x = 
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(v ) o. 8 
w 
and b = C 
The y (u1
0
) I ntercept at 
1 
(v ) o. 8 = 0 gives b(C) 
w 
or Uoo = C 
Thus, 
1 
-U = I1s 
o 
o 
that i 5 1 n 
s 
1 
= U
oo 
-
1 Do 
k ° sslm 
All the parameters in the above equation are known except hs which can 
now be determined 
where Uo from graph 
0 
1 0.06205 ins. = 0.00517. ft. 
Do 0.6245 ins. = 0.0520 ft. 
kss 8.8 Btu./hr. ft~ of/ft. 
DIm 0.5598 ins. = 0.04665 ft. 
· . 
·0.00517 x 0.0520 
= 8.8 x 0.04665 = 0.0006549 
1 1 
= U 0.0006549 · . 11 0 
s 0 
1 
0.0006549) 
· . 
h = 1/ (U o s· 
0 
Values of Uo at varying water flow rates and temperature differences 
were determined by a heat balance. 
Q = mw c (T - T.) pw 0 I (
T + T.y = U A (T _ 0 I) 
o 0 s 2 
where Q 
m· 
w 
heat transferred to flowing water by condensing steam 
Btu./hr. 
mass flow rate of water lb./hr. 
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cpw , specific heat of water at average inlet/outlet temperature 
Btu.llb. of. 
T. 
I 
T 
0 
U 
0 
A 
0 
T 
5 
I 1 °c. n et temperat~re 
1 °c. out et temperature 
overall heat t'ransfer coefficient based on the outside 
surface area of the tube Btu./hr. ft~ of. 
2 outside heat transfer area: 0.6540 ft. 
steam·temperature °c. 
A flow diagram of the equipment is shown in Fig. 9.7.1 overleaf and the 
results are given below. 
Series run number 
I 
11 
III 
IV 
V 
VI 
Steam side heat transfer coefficient 
2 0 Btu./hr. ft. F. 
3,999 
3,761 
2,944 
3,224 
3,070 
2,920 
(after cleaning inside 
of tube) 
" 
The results show a downward trend due to an ageing effect. The 
Inside of the evaporator was cleaned before runs V and VI to remove 
any coating on the inside tube surface. The value of hs settled to 
around 2,900 Btu./hr. ft~ of. after about 120 hours running at 
150 °c. steam temperature, however, to be on the safe side a value 
of 2,800 has been used. 
Sample Calculation. From series run I, number 23 
- '" 
L.,. From exper i men t; 
,. 
.. 
. , 
, ,. 
" 
T. 0 = 15.0 C. I 
'. 
", : 
"t: " ... 
. :' 
T 0 = 43.5 C. 0 
T 0 = 130.9 c. s 
Gw = 150 imp. glns./hr. @ 15 °c. 
"', . Evaporator dimensions are given In 
Appendix 9.1.3 
Q = m c (T - T.) w pw 0 . I 
where mass flow rate of water m 
w 
150 I 
= 0.8327 x be x 8.021 x 0.996 x 
= 1,497.3 Ib./hr. 
Specific heat of water cpw 
o 
= 0.999 Btu./lb. F - . 
265 
Temperature difference T - T. 
o I = 43.5 - 15.0 = 28.5 °c. 
o 
= 51.3 F. 
. Q = 1,497.3 x 0.999 x 51.3 . .. 
= 76,736 Btu./hr. 
Now Q = UoAot>Tov = UoAo (Ts _ To ; Ti) 
where Q = 76,736 Btu./hr. 
Ao = 0.6540 ft~ 
T -
To + Ti 
130.9 - 43.5 + 15.0 = s 2 2 
0 182.97 of. = 101.65 c. = 
. 
. . 
I 
Uo 
76.736 
= 0.6540 x 182.97 
I. 2 0 
= 6 ... 1.3 Btu./hr. ft. F. 
= 0.0015594 
Now Vw = I 50 i mpe r i a I ga 11 o'ns/hr. 
150 8.021 I 
= 0.8327 x 60 x 0.001366 
= 17.629 ft./hr. 
(v )0. 8 
w 
. -0 8 
= 0.2806 (ft./sec.) • 
By the same method other readings were calculated which yielded 
Fig. 9.7.2. From a computer calculated line of best fit the value 
of _1_ was Uo 
found to be 0.0009049524. 
o 
I 0.0009050 - 0.0006549 .. ~ = 
= 0.0002501 
hs 3.999 Btu./hr. 20 •• = ft. F. 
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EXEerimental'Results of Series Run 1 
N TI To Ts Gw V 
1 U
o 
_1 x 103 
w v:; 0.8 Uo 
14.4 30.0 149.6 450 52887 o. 1165 840 1.190 
2 14.4 31 .1 149.8 400 47011 0.1280 802 1 .247 
3 14.4 33.8 149.8 350 41134 0.1425 824 1 .214 
4 14.5 35.8 149.8 300 35258 0.1612 782 1.279 
5 14.7 39.0 149.8 250 29382 0.1865 753 1. 327 
6 14.7 44.3 149.8 200 23505 0.2229 750 1 :333 
7 15.0 48.0 150.0 150 17629 0.2806 637 1.570 
8 15.0 59.0 149.4 100 11753 0.3881 597 1.675 
9 14.4 29.0 140.2 450 52,887 o. 1165 845 1.183 
10 14.4 30.1 140.2 400 47011 0.1280 812 1.232 
11 14.5 32.0 140.2 350 41134 0.1425 799 1.252 
12 14.5 35.3 140.2 300 35258 0.1612 825 1.212 
13 14.7 37.0 140.2 250 29382 o. 1865 743 1.345 
14 14.8 40.0 140.2 200 23505 0.2229 681 1.468 
15 14.9 45.5 140.2 150 17629 0.2806 636 1.572 
16 15.0 53.9 140.2 100 11753 ' 0.3881 561 1.783 
17 14.5 27.5 130.8 450 52887 o. 1165 812 1.231 
18 14.5 29.0 130.8 400 47011 0.1280 811 1.233 
19 14.6 30.5 130.8 350 41134 0.1425 784 1 ; 276 
20 14.7 33.5 130.6 300 35258 0.1612 808 1.238 
21 14.8 36.3 130.7 250 29382 0.1865 779 1.283 
22 14.9 38.1 130.6 200 23505 0.2229 680 1 .471 
23 15.0 43.5 130.9 150 17629 0.2806 641 1 .559 
24 15. 1 51.1 130.8 100 11753 0.3881 562 1 .780 
25 14.7 27.5 120.0 450 52887 0.1165 888 1.126 
26 14.7 . 28.5 120.2 400 47011 o. 1280 854 1 • 171 
27 14.8 30.0 120.0 350 41134 0.1425 831 1.203 
28 14.9 32.0 120.0 300 35258 0.1612 810 1.234 
29 15.0 34.0 120.0 250 29382 0.1865 758 1. 319 
30 15.0 36.8 120.2 200 23505 0.2229 705 1 .418 
31 15.0 41.1 120.6 150 17629 0.2806 645 1 .550 
32 15.2 47.0 120.4 100 11753 0.3881 543 1.842 
33 ' 14.8 26.0 11 O. 5 450 52887 0.1165 853 1 .172 
34 14.8 27.0 110.6 400 47011 0.1280 830 ' 1.205 
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N TI To Ts G V 1 Uo I x 10~ w w ijT 0 8 U
o w • 
35 14.8 28.5 110.6 350 41134 0.1425 822 1.217 
36 14.9 30.0 110.9 300 35258 0.1612 781 1 .281 
37 15.0 32.0 110.8 250 29382 0.1865 742 1. 347 
38 15.0 34.5 110.8 200 23505 0.2229 691 1.447 
39 15. 1 . 37.0 Ill. 5 150 17629 0.2806 586 1 .706 
40 15.3 44.0 Ill. 5 10'0 11753 0.3881 535 1.870 
Experimental Results of Series Run 
Legend 
N Number of result 
TI Inlet temperature °C. 
-
To Outlet temperature °C. 
Ts Steam temperature °C. 
Gw Water flow rate Imperial galls./hr. 
Vw Water vel oc I ty ft./hr. 
V' 
w 
11 11 ft./sec. 
Uo Overa 11 heat transfer coefficient 
2 0 Btu./hr.ft. F. 
! 
u 
o 
0.0022 
0.0018 
0.0014 
2 . 
0.0010 
0.0006 
o 0.10 
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-== ~ --
0.20 0.30 
1 
-t 
Vvr 0.8 
V~ ft./see. 
Wilson Plot for Series Run 1 


